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clIAITKlf 1. 

I M i:n I » r< I o i: Y i : x i* K u I \u : x t >. 

To bore st cork. Tli«* rork must first Im‘ KoftcniMl by 
p'litly but liniily uinbT tin* foot. It will 
Miiriuk soiiu'w bat <luriti^ this prorosH. so that a c ork hoiik*- 
wimt wiib'T than tho iutU oi tho bottb‘ shouhl bo ohosoii. 
Tako now a rouial tih* aial pr* ss tin* sharp oial |jjoiii|y into 
tho rork, tnrnin;^’ it roinul all tho tinio, 'fho filo will 
jLfra<lually poiiotrat** to tho far si«lo, bavin;.: a small hob*, 
whioh can bo onlar^oil by tilin;; a w ay ilifTon nt parts of tho 
wall, until if is sli;.:htly b ss than tho ttibo it has to contain. 

More roo^ular hob's can be nia<lo by im anH of proper 
cork bovi'fs, which are brass ttilM-s of iliiloront si/.es, with 
one einl shar]>em'<| ami theothor perforated to admit a steel 
nsl. 'rhe borer bavin;.: boon chosen «d' sli;jrhtly less 
dnini«t<*r than tin* tube for which tin* hole is inti nded, the 
shar[> end is di[t[>od in water, and the rod inserted in the 
hob» at the other end. d'he od;.:e is piessed i^cfitly into the 
*!ork, ainl the borer tv\istiMl (always in the same direct ion j 
under }.:» ntle pressure until it onior;:os at the other side. 
It slioiibl Hof bo ju'ossimI up aptilist a hard object 
as this will blunt the f»orer. Well sharpened borers ?an 
filsdi be usisl for iinliai’iibber stoppers. |ti this laiw* they 
are nioistetiisi either with ab'ohol or |L:lvc«u‘ine, mid 
presHisl tiirmit^h more sh>%%ly. TuIm's should always be 
in water before bein^ jitislnsl int4i the hole. 
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1 NTltOUr (Toil Y EX I'EUI M ENT8. 


To bend a piece of glass tubing. — Take a pi(x*.o of 
i^a-iiicli Htjfi iultiiig, uiul hold it hori/oii tally in tho upper 
part <»f an (ndiiiary pis iliiiiie, with its length in the 
piano of the tlmne. Turn tin* tuliiiig slowly round and 
round 8c» iiH to heat it uuifonuly. it hegiriH to soften 

remove it from tlu' llaiiie and head it slowly and earefully 
to the required shape. Allow it to ctud, and then remove 
the (touting of soot from the 1>end. 

To cut narrow glass tubing with a file. — Take a jii<*c!e of 
glass tuhiiig aial lay it on a table. Taking liohl of it 
with the linger and tliuinh of the left hand n(‘ar thi* ]K>int 
where it is to he eut, draw one i^lge of a sharp triangular 
tile onee aeross it, from heel to point. The tulie can now 
lie hrokeii hy foreihly attempting to head it away from the 
(ile-Herat< h, ami at tlie same time trying to pull it apart. 
Ivound oil the sharp edge.s hy holding the tube vertieally 
in the Kuusen Ihime, until the flame is eolour<»d strongly 
yellow by tla» sodium of the glass. 

To draw out a piece of glass tubing ; to make a 
Take a short pieee of tubing and heat the middle portion 
in a small blowpipe tlaim*, supjMuting eaeh end of the tube 
with the lingers, and I'ontinually turning it round so ns to 
heat all sides equally ; \Nhen the tube is quite soft, remove 
it from the llame and slowly draw it out. The more«lowly 
it is drawn out, the more gradually will the tube taper 
towards the eentre. Tfieii witli a tile eut the tube at a 
suitable jMiint. nuind tdT the eut end in the tlami% and the 
jet is ready for use. 

To make a bulb tube. — Take U pi**ee of t'«dneh tubing, 
about (> inehes long, ami heat ont‘ end in the hlowpi|Ni 
Hume until it is (*ompletely elosinl and nmiubHl off. Ihdore 
this roiuidiHl end lM*<H»mes Iimi thiek, t4ikt* th(« tula^ out of tlie 
llaiue, and, holding it vertical, blow into it sti^adily, but not 
t(K> stmugly, until a sntull bulb is blown at the lieatinl end. 
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Use of Spatula. — It in ofton not^i^Hwiry to toko ti Miiiill 
quantity of soino wiIhI Hulmtiiii<*o out of a lK>tth\ For thin 
purjtoHo tlio H|attiilu — an iuHtriimoiit vory Hkc> a Hiuall tablo- 
kniff^ — iH ii8o<l. A small Imuio or ivory |Mi|H^r-i‘uttor iiuhwoi*h 
tlio purjKiHo v«‘rv wyll. Tho hlado of a |Mmkiufo is 
soiiiotiuios usinl^ hut th<* usi* tif inui or stc»ol is olqiH^tioiiahlo. 
A platinum H[»atula is tho host. 

To fix a platinum wire in a glau holder. — Tako aix 
inohoH of narrow ^lass tuhiiig^ and draw it out a littlo in tho 
middlo as doHoriluvl ahovi*. < ‘ut in two at tho middlo of 
tho drawn-out piirt. Into tho narrow out ond iiim^rt a 
pi<H!o of platinum wiro about tw(» inoh«»H loti^ ; thon hold 
this ond in tho Ihimo until tin* ^lass 4‘1 o8om rouinl tho wiro. 
A pi*H*4» of ^lasH nnl maki*H a hottt'i* hi>ldor. l)raw tin* rtnl 
out and out in two as ilosirilMMl ahov4*. Tln*n hold tin* 
imrrtiw ond of tho nnl in tin* Ihimo until it is quito soft, 
and insort tin* pi<*oo of ]»liitinum win* into tho soft oinl. 
Tho fro<' ond of tin* win* shouhl ho la*nt into a loop or 
(Miihsl into a flat spiral. 

Tho platinum wiro thus mountod will hi* in fn*<pn*nt uho 
for tiamo t<*stH, and should ho kopt dipjMHl in liyilnK'hhirio 
aoid in a tost tuho. Tliis <-an ho dono hy fitting’ tho Inddor 
with a (*ork whi<*h fits into tho mouth of tho tost tuho. 
Ko[i^in this way tin* win* is always oloan. 

To make a waih-bottle. — Tuko a ir>M>/.. flask, <*ithor of 
tho onlinary round form <»r, hottor, of tin* oonioal sliaiK*, 
fit it with a goisl oork or iiidiartihhor stoppor, in whioh 
Iwin* two h<»loH (for tho «*ork uso a round filo ; for tho 
ruhhor, a sharp oork-lM>n*r iiioistonod with ah olnd). Thou 
fit two pi<H*<»H of tuhing, hout as shown in tho fig^ir**, 
first routnling off tho ouds in tin* flamo, and sot* that tho 
tuho n r<*a(*hcfs vory noarly to tho bottom of tho fhiMk ; Uf 
tho ond H of tin; longor tulm fit a [uoco (aliout 1^ iuolnm) 
of narrow (| in. dium.) indiarubbor tubing, carrying at 
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INTUOIiUCTOKY EXI'KUIMKNTB. 


tli« otlu^r ond u hIioi'I |ii«?cc* (about 1 inch) of tubiiij^; 

drawn out t<» a j(4. Th(» wanb-lMittlo is to b(^ nearly tilled 
with distilh'd water, whieli can be (‘xjielled wli(*ii rtK|uired 
by blowing down the tube w/, and the tine Htreani issuing 



fniiii tlie jet euu b(’ diseharpMl in any desirtMl dir(M‘ti(»ii 
by the Ilexibilily of lie* rubber tubiiij;;. Tlu' wuKli-bottle 
\h usihI ehielly for \>asliiujj jueeipitat»*.s on tilters, and 
m»rveH UN a rewu'voir of |mre water for geiaunl jairpown. 

To make a desiccator. — In Honu^ of tht* 4‘xperiuientH to 
be ib'wrilMMl lat«T it will la* found neef'SHurv to preveiil the 
HulwtuiUM's taking up luoiMtim' fnuu the air. In order to 
W'C'luv thin, wt* plae<* tie :u in a dry atiuoKpleT<> <‘neIosed in 
u veHiad known as a 4le.sieentor. Take a pii^ee <»f thiek 
plate glass about live 4»r six ineltes sipiare, and seliTt a 
HttUlt-walbnl eylimlrieal glass ve.sst*! about six iiieluvs high 
limp alH)Ut four iin*lu‘s in diaiiu'ttT. A sniull gas jar or 
wide-moutluHl 1 nit tie s4'rvf*H very wt*ll. The ^slge t>f the 
mouth must Im* ground «piite llat to rubbing it with a little 
water on a flat piwe of saudstoiu*. Take a shallow, fairly 
wide iN^ttker, <»f sueh a size that the gas jar i*an ]iuhs 
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ovor it onsil^^, find half till it with oithor (Milriuni ohlorido 
(nnhydnam) or <*<>m*ontnit«Ml sitlplittrif*. acid. Ov<'r tho 
mouth of tlio hoakor pla«*o a pijM*-rlav triaiijj^lo, to form 
a r«»st, and hond down tho throo onds of tlio win*M ov«t tho 
• t’lraii and diw tlu> plalo and pM jar. IMaro tlio 

hoakor rimtaiiiin;^ tin* u^-ont »»n Ihn plaits and 

novor it with tin' jar. In ttrdor to liav*‘ olost* rontart 
l»i‘twt*nn tin' jar ainl tin* plaits it is atlvlsfihln tt» ^rtaiHo 
tho <mIp* with a litth* hirtl, or still’ jji’roast'. If Httlphttrit* 
arid is UMod, ram must ho takt'U that no sphiHltiiifi;; ia 
rnusod hv shaking. 

The water bath. — It is fnajiiniitly in'roHsary to nvajMfmto 
li<pii<ls t»vnr tin* wator hath, ft»r if tln*y am Inaihsl with 
tho nakfsl tlaiius tho t<*mp4*ratur4t inny hcssuuo too hi^fh and 
tho suhstatioo ho s]Hiil<*tl. A siiiiplo hum of wat<*r hath 
consists of a hoakor wliioli is partially lilh*d with wat(*r, 
kopt hoilin^- hv tho llaiiio of a Huiison humor. Tin* lifpiul 
hi ho ova|H)mtod is pm into a jMU't'olain hasin [ilaood on tin* 
top of tin* hoakor. Tin* stoam rising from tin* hoilin^ wator 
lioats tho hasin and produoos tin* ro<ptir(*d «*va|M>rnti*in. 
Moro sorvi(‘Ofihlo wator hatlis, of various sliapos, aro iiiinlo 
of onppor, ^'oiiorally with iiiovoahlo rin^s at tln» top so that 
hasins of various si/os ran ho fittod in. 



(ilAlTKU iV. 

ClIAllACn’^KUlHTir 1*U OF FOMK (’OMMON MlJlIHTANOfcH. 

In llio \v<» !inv<' ilow^rihcMl houio of 

tho more iin]K»rt4ifit oporatioiiH, with whifih tho Htuilent 
nuiKt fiiiniliitr, hrforo ho oaii c^oiidut^. tho ox]M'ri- 

inofiiM to }io doHi^rilMHl lator on. To hc‘ KU(*<?08ftful in thoso 
ho iiiUHt mrofully onrrv out tho inHtruotionM ji^ivon — oven in 
regard U) what may appear uniiiijM»rtunt dotailH. In many 
canoH the aooiimto honng of a <H»rk will mi'aii tho difference 
between tho hikh'okh and failure <if an oxj>orimont, f.y. in 
tho ]>roj>arati<»n of A^ain, awkward accidonta frtmi 

altar]) tubea can ho jirovontcnl by 8 ]M*ndiii|jf a few minutea 
in holding them in tlio gan flame, as direetod nlK»vo. 
A]Mirt frtmt thia, liowevor, ho muKt also prcHieetl U* hia 
work with the determinati<»ii to ohaerve an much iia 
IKiaaible, and dinluco from tho ohaervfsl facta, their causea. 
It ia not always ]M>SHihle to give n^aaona for tho things 
ho aeea, but it u jKiaaible to mitiee what takes place. •An 
account of evoiy* experiment should 1 k» written out — 
concisely, and in auch as the collecting of oxygon, 

hydrogem, etc., a sketch should be made of the apjiaratua 
used. Wltenever ex]H'riments ap]H^ar ti> fail, although 
csairiod out carefully auMirtling to the instructions, a noti‘ 
of tSe fact should l>e made. Tho explanation may occur 
to tho student later when his knowUnlge is more complete. 

It is often of groat im]K)rtanc<' to tho cliemist to be able 
to identify quickly some common aubatancro. An elalmrale 
analysis would take too long, so he has to rely on the 
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simpler eharaetoristios. Tli«' sHidont shoiilil cultivate the 
habit of notiii|^ the inor<» iippiront of the 

niatorinls ho uses and hooh uschI, ho slionld olmorvo the 
appoaranoo of tho sulmtuiu o, iiotiVo if it has a oharaotoristio 
smoll, tost its lianlno>^, and obsia'vo tlio ofToc ts of lioat «»n 
it and if it snldiinos tlio <‘liaraotorH of tho snbliniato. 
Holovv is a short soIkmiio for snoh an oxaniination. 

First. — ()[>s<a*v<» \vlu‘thor (ho stihstanoo is a W<V/, 
ooinmon salt, a /I'ya/V/, oiNlinarv wutor, or a //a/*, e.g, air. 

Sixiond. — Not<' tho cdour o4irofidly. Hy simjilo inspc^ilion 
wo cun distin^^uisli botwoon hiDinino and ahudiol^ otipjwjr 
and zinc, fi'rric oxide juid sidplnir, etc. 

Thml. — Smell tho suhstaius* — not too vif^orously or tho 
results may ho uii[»loa.s4int. Many Huhstancos have very 
chamctoristic odours and can ho rcso^nisod hy thorn. 
Take) for instanco a solution of suljdiur dioxide in water, 
alindiol, hisulphido of carhon, hroinim*, etc. 

Femrth. — Note (ho I nut re — whothor metallic, glassy, 
resinous, (*tc., or its af>som(\ Thus (udinary wood 
charcoal is quite dull, whilst jj^ra[»hite has a elistinct 
metallic lustre, (huirt/ apiiii has a j^lassy lustre', whilst 
tluit of rock sul])hur is resinous. 

Fifth. — Te'st the harduenn and malleahiliiy of tho substance. 
Diaftionel is hanler than any otluT body, and can always 
be distiujifuishiKl freau another sulistancro liy im*ans of that 
pi*operty. Aluminium attain is hard<T than tin, iron than 
cadmium, etc. The simplest manner in whic;h to test the 
n^lative hardness of two hiibstaiices, is to find out wdiich will 
scratch the other. The one w hich sustains tho scratch is tho 
softer. To test the nuiUeahility we usually place a Aitall 
|>ortioii of the IhhIv on a small iron block, and strike it 
smartly w ith a hummer. In this way %v(» can distinj^uiali, 
say, autiuiony and load. The antimony is brittle ami 
breaks into pieces ; the leml is uiallcahle, and flattens out* 
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Hixth. — If tho HubstaucM* is n solid, boat a littlo in a cirv 
tost tulm. This tost woiihl onahlo us U) distinf^iish at onco 
bf*twfmn iodine and ^rnjdiite, wliicli in most rosiWKJts 
I’ew'inldo (*u(rh other very elosidy. The iodine volntilisos to 
II beautiful violot va|MHir, th«» j^a|diite reinains unalteml. 
t^uiiiiion salt and aiiniioiiiiiiii l•lllol•id^^ a^i^ain, rosoiiible eai-h 
other ill many n.'^jwits, 'riny are both white solids, 
soluble ill water, and jMiHHessinj^ a sharp taste. On heating 
a little of eaeh in se|iarat4* tulx's, w<' (ran distinguish at 
once. Ainiuoiiium ehlorid(» sublimes, that is, it luisses at 
otUr(* into vtqiour and (‘ondens(»s in tin* eool t>art of 
tlie tubi' to a uldte solid. We a white crusty 
dejMisit in tie* iij*|ier j»art of the tube. (\>mmon salt, on 
tlu* otlu’r hand, does not vidatilise. 

S(*v(*nth. — If th(’ hiibstaiiee is a liijuid, boil a small 
portion in a ti'st tula' and note the colour of the va|>our. 
On boiliii)^, /.//. a strong solution of hydrochlorar acid 
and a litth' strong iiitrie neid in separate* t('st tube's, clouds 
of white' irritating fuim's are pvi'ii (df in emh ease*, but if 
a slu'et of uhite paper is h<*ld l>ehind the* tube (rfuituining’ 
the* nitric acid, tin* vapour inside is s(‘en to have* a distinct 
n'ddish tint. Tliis is due to the slij^ht d(Hroin|Mmition of 
of nitric ludd into oxides of nitroj^(*n, (KWjj^i'n, and water. 
A di*op of bromine, apiin, when wurim'd ^ives off fery 
dark r(sldish-br«»wn vujMuir, of a puiiji^i'nt, irritating lulour. 

Ki^hth. — Try tlie acti«»i of water on a little of the sub- 
stanet'. This t(*st will at once* enable us to distin|i^iish 
(|uiek-lime ^calcium oxiib*) from ('ommon salt. Th<* quick- 
liiiM' will coiubiiu' with the water, swell up, and botroiiie hot. 
The failt will siiiijdy dissolve to a ch'ur li(|uid. When u 
a drop or two of water is addesl tt» a sniall ]K>rtioii of 
sulphur trioxide, then' is a hissing s(»und, as of water 
droppetl on hot iron. Cin>at iu'at is evidvcil, and the wldte 
i^lid dissolves to a clear lic|iiid. If the solid had been 
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the metal wKliuin, we should have had the hiHginj;i^ sound « 
and efTe^\*est^en(•e of a pis, hydrop'ii, w]n(;h would ifi^niti^ 
urith a sharj) |M>p when we place a lightcnl match at tlie 
mouth of the tube. 

Some of the couniHiiHT substances used bv the eliemist 
are brietly ilesi-rihed below. Tlie student should examine 
theiie in tin' manner luentiomMl in the ft>repun^ scheiin*. 

Ammonia Solution. — A tolourless liquifl with the 
characteristic smell of aniiiionia. If a litth' of it be heatinl 
in a test tube ammonia pis is pviui off, which we can 
doto<?t by holdinf^ a pi(H;e of re<l litmus paper near the mouth 
of the tube ; the colour of the paper is (thanpHl to blue. 

Ammonium Chloride (*SVi/ ammonmi). — A white solid, 
soluble in water, volatilises wln»n heatf'd, and condensf^s in 
the cool jttirt of the tula*. 

Ammonium Hitrate. — A white solid, very wduble in 
wat(?r with considerable fall of tempemture. When 
heated in a dry tube it lirst fuses and then pves oiT 
bubbles <»f pis — nitrous fixide. It should imt be Inrabsl 
t<K» strongly, or a sli|^ht ex]doHion may occur. 

Bromine. — A heavy liijuid, almost black, which pves olf 
pcHldish-br<iwn vajMUirs of an offensive and irritating smell. 
It is siitficiently s^dublo in water to give a coloiinnl s<»lution. 
Wheft wanned it gives off rrsl va}s»iirH. All Wf»rk with 
broiiiino should b(' ]M>rforimsl in the dniught chambc^rs. 

Calcium Oxide {qmckMme). — A hanl gnyish solid in its 
CHUiiinon fonii, white when pure. It i;ombines with watiT, 
giving out much heat, and falling t4> a {M)W'<ler it is then 
said to bo slack rsl. lieinaitiH unchanged when heaUsl. 

Calcium Chloride. — White or c^ilourloss solid. wRt<ii 
left ex|iosed to moist air it absorbs the moisture, and 
dissolves in it, forming a cl<?ar liquid. It is extremely 
soluble in ivater. On account of its attraction for water it 
is often used for drying gamm. 
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Caloium Sulphate. — A white eolid, UKiially in the form 
of |K)w<ler, when it in known an “ Planter of Paris.” When 
mixwl w'ith n little water IHastor of Paris forms a piste 
whi(;h sets to a hard mass on standing, CK>iuhiiting with the 
water, (^ahnitm snlpliate is nliiiost •fisoliihle in water, and 
reniaifis HTi<diaTig<Ml on heating. 

Carbon. — (1) ChatmaL A dull, soft, hla<;k s^did, insoliihle 
in wah*r, nnehaiiged hy heating in a t^lh^^ 

(2) (irnphite, (ireyiMh hhu'k Holi<l, with hright iiietallic 
lustre, soft and easily sjilit into siiiall jdates. liisoluhle in 
water, and iiiiehanged on heating. 

(3) Diamond, Hright, glassy eryshils. Harder than any 
other known sidmtanee. AiMtoiflingly, it nwlily sirratchos 
ghiHH. InWduhle in wat4*r, and unehanged hy In^ating in a 
tube. Hrittle. 

Carbon Bisulphide. — ( Odourless li<|uid, of offensive (Slour. 
Heavij'r than water, with whitdi it ihs^s not mix, hut sinks 
us oily drops to the IxUtom of the tiiho. Wh«*n waniunl it 
simply gives off its ofh*nsiv4‘ vapmr, which is intlammahle, 
htirning with a hluish flame. 

Caustic Potash and Caustic Soda— Thr^se an* both wliite 
solids. They cannot he distinguished fn»m om^ another by 
their appearance, hut if a ch*an ]datinum win* h(» dmwii 
<iver the surface of a pi<H’<‘ of caustic soda ami tlom |fliaciHl 
in the Hunsen flume, the flame is (ndourefl an intenst^ 
yellow* ; whih», with cnuhtit; pitUHli, the flame is coUmnsl 
a faint vi<det. lioth suhstaniM's an* wdd in round sticks, 
which disHcdve in water with the produet ion of much heat. 
The solution turns rwl litmus hlue. 

Cnalk. — An opupie white solid w*hich efTt*rvesc<*s when a 
few' droiMt of hydnsdiloric achl an* |K>imHl upm it. It is 
tniMiiuble in pure water. 

0oppar*>^A reddish metal, cstipahle of taking a high 
polish. Tamudies w*hon heated. Malleable and fairly hard. 
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Copper Oxide. — A black 8olitl, dull, uaually in the fonti 
of powder. Insoluble in water, and unaltercvl by bent. 

Copper Hitrate. — (Ireen crystals, very soluble in water. 
When heated in a dry tube the (crystals jpve olf rfsldish 
brown fumes of nitric* j)eroxide mixed with oxyjyfen, and 
leave a bhutk residue (»f cojiper oxidr». 

Copper Sulphate. — Fiiu* blue rrystuls of frliiHsy lustre, 
known as blue vitriol.” Soluble in water. Wlu*ii 
heabnl in a dry tube water is ^iveii oiT wliieh eoiidenses ifi 
the WK)! jHirtioii of the tube, whilst the <*olour of the 
residue |^*adually chaiip's to white. On adding water 
again t<» the white residue it assumes its original Idue 
colour. 

Iodine. — Gr<\vish bhu^k sidid of bright metallic lustrt', 
fairly s<»ft and brittle. Almost insohtble in water. 
When h(»at<Hl in a dry tube it givi's off beautiful vioh*t 
vaixmrs. 

Iron. — Greyish wliite wiliil of bright m<*tallic lustre. 
Rani and malleable. N<»t scduble in water, taniishes whc*n 
heatiHl in a tub<^ 

Ferroue Sulphate. — Grtsm, glassy cTystals, soluble in 
water. IleatcMl in a dry tube, water is first given idT, 
which condenses in the e^iol i^ortifuis of the tulK», the 
(Tystals turning to a lighter cohmr. On further hf>ating, a 
residue of ferric oxide r<uiiains. 

Ferric Chloride. — Ytdlow soli<l, usually of a dull 
appearaiMS*. Ilf^dily takes up water, giving a clear yellow 
solution. VfTy wduble in water. 

Ferric Oxide. — Ked<iish brown solid, usually scH^n^as 
a dull iiowdiur. Insoluble in water, and uncliangcsl on 
heating. 

Indigo Solntion. — Dark blue li(|ui<l, bh»ach<sl by ofm- 
oentmted nitric add, but uncliangc^fl by alkali<^ and dilute 
acids. 
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LitmiU Solution. — lUuo or rod Holutifm, accMmling as it 
iH ttlkfilino or acid. 

Lead. — A groyish w>lid, usually dull, hut a froslily cut 
surfru;o hIiowhu bright iiiotallu;, almost silvory, lustro. Soft 
ati<l iiialloahio; <*afi ho soraiohod hy tho fingor nail, and 
oasily Hattom‘il undor fho Iminmor. Insohihlo in wator. 
Wlion hoato4l in a dry Inho it tii<‘lts roailily, and tarnishos, 
taking u]i oxyg4*n ami f<»niiitig a ooating of load oxah*. 

Lead Vitrate. — A uliit(' orvstallino solitl, tlio orystals 
usually Homowliat opacjiio. (llassy lustro. Soluhlo in 
wutor. VVhon lioatod it first <Taokh*s, and thon givos off 
mldisli Imiwn fumos<»f nitri<‘ poroxido mixod with oxygon. 
Tho rosiduo, h'ad oxi<lo, is yollow vvhon hot, hut assuiues a 
lightor oohmr on oo<»ling. 

Lime Water. — A oolourloss li<|uid whu-h turns r<sl litmus 
|iapor him*. If a glass tuho, c»ju*n at oaoh oml, ho inHort<Hl 
into wuuo of tho licjuid in a t«*Ht tu]»o, and air from tho 
liliigH ho hhiwn through tin* lifjuid, it Ix^omos ntilky, tiu* 
fUirlnmio a<'id in tho hroath oomhining with tho iimo to 
form iiis4iluhh* oaloium oarhoimti*. 

Litharge. — A yillow ]H»wd»‘r wirali his'omc's hrown r<sl 
whoii hoahsl. It is instduhh* in «Mild wator. 

Magnesium. — iSilv<*ry whito mi*tal. r.sually chill laHmusc* 
(MmUihI with tho 4ixidt*, magiiosia, hut if this is scTiUKsf off it 
iH HiMUi to havo a bright motallio liistri*. Ins<»lu]»h* in wator, 
IhxioiuoH dull whtui lioatcxl in tho tuho, ami if hoahsi 
Hirtmgly onough, will tako firo. Tho host way to show this 
lather pro[Hn*ty is to tako a slioH piix o of magiic^sium 
Hhimn, iiold ono ond in a [uiir of tongs, and bring tho 
othor into tho flaiuo. It will luirn with a das/Jing light. 

Magnesium Sulphate {JKpwm w//«). — Whito or colour- 
lofM ci^^stala witli glanay lustro. Soluhlo in wator. Wht'ii 
hoatod they Imxxiuio opaquo and losi^ thoir wator, which 
oondensos in tho c^kiI |mrt of tlio tuln*. 
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Manganese Dioxide.^ — ITsually H<H>n us a dull lilaok 
jHivvdcr. liisoluYdo in water. When mo<leraf«'ly heatiHl 
in a dry tube remains unfdtaiig<*<l, but when atrongly 
heated pves <iff oxygen. 

It is iin|M»Hsible t<» distinguish by the ordinary Himjde 
tests b(‘twc*en |H»wd<‘r(*l ehare<»al, oxide of eopjM^r, and 
[s>wdero<l mang}ines(> dioxid(*. Tlie (Iiareoal could bo 
identifi<»<l ])y its comparative lightness, lly adding a few 
c.(\ of liydrocliloric acid and warming, we can easily 
distinguish them. The charcoal rr*mains unaltered, the 
(ropja*!* oxide giv<*s a solution wliich is gi’e(*n when allowiMl 
to settle, tin* mnng}niese dioxide gives off a y<‘llow 
gjiH, chlorine, <if otieiisive, irritating odour. Thi^ wliib* 
fumes giv<*n off in each case are only hydrochloric nc’id gas. 

Mercury. — Silvery white* /lywirf of imdallii* liistri*. V<*ry 
heavy, and insoluble in wat<'r. When hcatetl in a dry tube 
it tarnishes slightly and boils, the vajiour Cfuideiising oh 
the sid<'s of the tul»e in the form <»f niinuti* silvery ghdmles. 

Mercuric Oxide. — A bright red ]M»w«ler. Heavy, and 
insolubh* in water. When hcat^sl in a dry tube it first 
darkens, and on stronger heating d«H'om|s>Hcs, giving off 
oxygen, which can be ideiititiod hy its causing a spark on 
a pifMs* wotsl t«» burst into Ihime, the im*rcury being 
de|M>«itfsl as a bright mirmr <in the shies of the tula*. 

Hitric Acid. — A <*(d<»urh ss lifpiid (if ex|H»siHl to bright 
light sliglitly ycllov). Mixes readily witli water, and when 
heatisl gives a nshlish va|M>ur of a very imtating (xloiir. 

PhosphorUi. — (1) Yellotr. A waxy-lo4»kiiig solid^ yelh»w, 
and if freshly cast int^i sticks, transjMirent. It is always 
kej»t umb*r wat^T, Imsuuhc of the ease with which it (»)m- 
taiies with «»xygen ami Issronies ignitfsl. (*ut a siiutll pi<Hre 
umb*r wat4T, dry, and placi* it on a small plate iimler a 
jar. It will binouhler and giv«s4 oil white fumes of oxide 
of phosphorus. If it does tiot iiurnt into tlam<% lift ttft 
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the jar, touch with a hot piece of iron wire, and replace 
the jar. It will now hum giving off dense white fuuies. 
When it has humt out, a rcnl residue will remain on the 
plate. This coiitfiins red phosphorus amongst other things. 

(2) lUd Pho%p}iorm, This is a dark-red solid, usually 
seen as a dull |M>wder. In the lump form it has a glassy 
lustre. It is insoluhle in watc^r. When heated in a dry 
tube it partly changes Ut the yellow form, which combines 
with the oxygon of the air pro<lucing white fumes of oxides. 
It can be luindbHl more easily than the yellow phosphorus 
as it is stable in air ut the or*Unaiy' tem)>erature. 

Potasiiam. — A silv<Ty soli<l when presented from the 
uctitm of tlio air by being kept in naphtha. When cut 
with a knife it lias a iiietalli<‘ lustre, but the surface mpidly 
tariiislies and Ikm'oiiios e<iatfsl with a bluish Him of oxide. 
When a small ]>i*Hie is treabsl with a f(‘w drops of water, 
there is a brisk e!li*rv<*Meenee of hy<lrogen. When a small 
{M»rtiou is heat«sl in a dry tube, it Hrst melts, and then 
takes Hn\ and burns with a blue Hame, the white residue 
lauiig oxides of ]H)tassium. 

Potassium Chlorate. — White erystals w itli glassy lustre. 
Soluble in water. When heate<l in a dry tube the ci^'stals 
at first eraikh' and br<'ak up (this is due t») drojis of water 
which are inside the crystals expanding into stmui fgid so 
bnniking tie’ i-rystals then melt, and give off 

bubbles of oxygen. This can he identiHrsl as in the 
experiment with mercuric oxide. The wdiiU’ rc’sidue is 
|Mdaasittm <’hloride. 

Potaiidum Hitrato cr AV/r^r).— White or 

tni^Himrent crystals with glassy lustre. Soluble in water. 
When heate<l in a dry tuW the crystals first crackle and 
tiy aliout, tlien fus<\ and finally on being strongly heated 
give off bubbles of oxygen, and leave a white rt^ue of 
piitiissiuui nitrite. 
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Sodium. — A silvery metal resemblia^ Itotassiuiii in most 
rosjKM^ts, It burns, lu)\vever, with a ffMen yellow tlaiue. 

Sodium Chloride (common ttaU ). — A white (Tyst^tlliue 
powder; when laixe enough, the crystals are seen to be 
('olourless cubes wliieh have a glassy lustre. They cnickl(^ 
when heated. Solubl(^ in water. 

Sodium Sulphate ((ilaithet\ W/). — A white crystalline 
solid ; when fri'sh, the crystals are transjmn'iit ami have a 
glassy lustre. When ex|M»Hisl tf> the air they efflorcftee^ 
give u}> th(‘ir water of crystallisation, ami b(*<*ome jM)wderv 
on the surface. When heattnl tlu‘ salt fuse's, tluui loscw 
its water, which comhuises again on the sides of the tula*, 
and leaves a white rc'sidue of the anhydvoui siiljdiate. 

Sodium Nitrate. — A white crystalline soli<l which takes 
up water from moist air, ami dissolves in it forming a clear 
sfdution. Wlu*n heat^nl it IkOuivi's like potassium iiitrah*, 
giving off oxygen, ami ](*Mviiig a n*sidue of siHlium nitrih'. 

Sodium Carbonate {fvmshimj Mtda ). — When freshly pro- 
liart^l it is (d>taine<l as large transparent crystals of 
glassy lustre, but on c*x}s»sure to the air, these cjfloritec^ 
like H(Mlium sul]diate, ami bis^um* coatwl with an ot»aque 
lH>w’der. When lu'at<Ml, it losi*s water and leaves tlu' 
anhydnms carb(»nate. 

Stl^phur. — A yellow s<did, (Generally MH*n as a |M»wder 
(flowers of suljdiur) or us liiiiips (nstk or ndl sul[>hur). It 
luis a rt'sinous lustre, and is lns<duble in water. When a 
pi<*ce of ridl sulphur is held in the liuud, near the fiir, it is 
heanl to crackli’, the heat of the haml c4iUHing the outsidf* 
to ex{Mitid and vruvk. When Jieated ovt-r the flame it 
melts to an amlsT-wdouriHl liquid. This, on further lusting, 
darkens and laisauf's vim^ouh, until it is as thick as 
treacle; on still further hiaiting it iHooimm less \df<CMiUM and 
linally boils, giving off a ilark brown vajsiiir, wdimh takes 
tire with a slight explosion, burning with a imle blue flame. 
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Snlphnr Triozide. — A white solid, usually in silky 
Tio(Hlh»H. C’omhinf'H oaj^erly with water, groat heat being 
ovoIvcmI. If a little is drojipod into water, there is a hissing 
sound, anti sulphuritj acid is fonucnl. When gently heatcsl 
it siihliiiios. 

Sulphuric Acid {oil of vitriol ). — An oily liquid, colour- 
less when pure. Wht‘n iiiixetl with water the temperature 
risfm <ionsith*ralily. When lieattsl it gives off irritating 
fuiii(‘s of sul]ihiir trioxide. 

Hordhausen Sulphuric Acid. — Kest^mlih's sulphuric aeitl, 
hut etmtains in addititm a large* amount of disstdvrHl 
sulphur tritixide. On wanning, this readily distils away. 
On dropping a littlt* of tlit* acid into watiT tht*re is the 
hissing stmnd notictsl in the casi^ of sul]>hur trioxide. 

Water. — Ihm* watcT has n<» tasti* or smell, and, ext^ejit 
in vi'ry thick layt^rs, it is t'olimrless ; wht'U htMittnl in a 
)K»rcelain dish it eva|Kmit<*s aiul leaves nti rt‘sidue. It 
gives im turhitlity t»r colouration with the following 
reagents, hariuiii chlnridi*, silver nitrate, Nessler’s reagent ; 
the reason for ap[ilying these tt'Ms will he underspNMl after 
riMuling I’hapter vii. 

Zinc. — Mright hluish-whit<» solid, with metallic lustn*. 
As generally seen it is slightly taniisluMl and th(*refore 
dull, llanl and brittle. Not actisl ujsui by water at the 
usual teiiipenitures. When heatetl in a ilry tube it melts, 
and lH»comes wjveitHl with a fHiating of zinc oxid(». 

Zinc Oxide. — A white flaky siditl, whitdi 1k*coiii(>h imle 
yellow on heating. It is insoluble in water. 

Zinc Sulphate. — White or isilourh*ss crystals with glassy 
lust#!*. Soluble in water. When heattsl in a dry tube, 
it first fufM'H, and tlu*n gives uj» jmi1 of its wat<*r of erystal- 
liHuiion, whteh wndeiisi's in thenMil jNirts of the tube. The 
residue still iHiutains wuttT which can c»iily In* exiH^Utxl by 
strongly hmting. 



('riAlTKK III. 

l{KrAKATI»>\ ANf» IMiOPKim KS ul' SOMK CoMMiiN 
KI.KMKNTS AM> roMIMM'ShS 

SEfTKiN I. — OxYnKN. 

Preparation. 

Exp. 1 . — Fit iij» a siiuill liav<l j^lasH llask with cork fital 
hoiit <h*liN<Tv tahc aial urraii^o tla* piicutiiath' troiif4;h 
for the rolh'<‘tion of fh«* j.^as as .shown in Fi^:. 2* 



Sovcml jars itiiiHt he* cjiiitef filhsl with water and 
ft ^-ooHtjd plate pliwswl over the mouth of caurh ; tho 

Sf. /‘rttr. Citrm. ^ 
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jars can then be turned mouth downwards without the 
water running out. Now place the jars in the trough 
(partly filled with water) with their mouths under 
water and remove the plates; the water will still 
remain in the jars. Place one f>f the jars on the bee- 
hive shelf, which is simply an inverted earthenware 
dish with one hole at the side for the delivery tube, 
and another at the to{) to allow the gas to pass into 
the jar. Next take alsmt 20 grammes of pr>ta8siuni 
clilorate; ]K»wder, and mix it intimately with about 
one-fifth of its wcaght of bhick oxide of manganese. 
Put the mixture in the flask, replace the tube and 
cork, and heat gently over a Bunsen flame. At first 
bubbles of air, afterwanls bubbles of oxygen, will be 
driven over. When this is the case, place the delivery 
tube under the beehive shelf ; the oxygon will bubble 
through and displace the waU»r in the jar. When it is 
full, cover the mouth w ith a glass plate, and remove 
fixmi the trough. In a similar manner fill the remain- 
ing jars, and then rf»movo the end of the tube from the 
w'ater. ( )ne jar should be set aside, mouth downwards, 
in a small dish of water, for a future lesson. 

Observe that the gas is colourless, wdthout smell, 
and tasteless. It is also but slightly solulAe in 
water, or wo could not have collected it in the 
manner descrilMMl. 

The manganesi' dioxide remains unaltered after 
the exia>riment. The reaction is represented by the 
eciuation — 

2Ka0,.:=2Ka + 30,. 

By treating the black residue, which remains in the 
retort, wdth hot w*ater and aflerwartls filtering, the KO 
can he dissolved and se^iarated from the manganese 
dioxide wditch remains on the filter paper. 
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Propartias of Oxygan. 

Sxp« 2. — a AiiuiU ot on a dollnfcniting 

M|M»oii whU'h iH •pr«>vi(l<Hl with a iIInc. Ignito tho 
Hiilfihiir 111 th<» lamp Hamo, ami noti***' how it 

ImrtiM. Now roiuovo iho plati* a jar of oxyg<^n 

ami nipiilly iiinrrf tlio s|MNm, low»*riii;^; tin* <liM<‘ to tho 
top of tlio jilt*. Tin* Hiilpliitr at otin* htgitm to hiirti 
with a iiMirli l»n^iit«’i*, iiioro luiiiiiioiiH llaitto, ami a 
MttT<N‘a(iiig Hiilpliiir ilioxi^lo, S< )j in priHlimml. 

Hoimivi* tlio K|Nioii whf*n tin* llaiin* nmaiiM to l»o 
dyiiiK out, ami add a lilth* watt*r. Shako vigor«»UHly 
to diasolvo th<^ gaa. Wi^ luivo now a fadutioti 
coiitaiiiing Hulphuroua acid, which will turn hluo 
litiiiua nnl. 

Exp. 3. — Fill a Hiutill ghiHH diali w ith wator, and, UHiiig a 
jMiir of tongh, jtbico in it a pitro of onlinary ph(»H« 
phoruH. ( hit ofT a Kiiiall pio«*o€»f tho nizo of ajM^a, and 
rapidly dry it hotwoon two pifH^icm of iilU^r 
{(irfiit care mmi he cxercined in handling 
an it igniten uith the warmth of the hand; it nhould 
alwagn he kept under water), Plai‘4? tho Hinall jucHHt of 
^ phoKphoriiH on a dothigrating H|M>on, timch it w ith a 
hot win^ to igiiito it, and rapidly roinovo tho plato 
from tho sf^roiid jar of oxygon and ifiHort tho H|KKin. 
V^ory vivid coiabuKtion onhuon, tho phoMphoriiM ctoni- 
hining w ith oxyg<m, and giving wdiito olotida of tho 
oxidc»H. Itoinovo tho and Kluikf* up with wati'T. 

On adding hluo litmiiM wet hoc* that tho solution ia 
Hiroiigly acid, aa in tho aulphur (!X|Mtritjiont« 

Exp. 4. — Take n Mplintor of wcmhI, ignito it and allow' to 
hum ff>r a fftw mfcxaaU, than bliiW' out tho flamo. 
Tho HplinU*r w ill have a ff|iiirk on tho end. IiiHort it 
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Bip* 8« — ^Tako one of ilie renmining jar«t ol oxygim« 
rapidly intrDduee mma sand^ and rojdaao tlie Ud. 
Shako tho jar m tliat you havo a oomjdota layer of 
aaitd on tlio bottom. Now twmt togothor kioaoly a 
{vw KtruiulH of Ihio iron wir(% and attiieli one end tt» 
a i-ork whit^h will i‘4»vor the mouth of the jar. 
Around th<* othor oiid wrap a mimll pirn? of fine 
string, igiiiti) tins in th«* lliuiifs and rapidly 

intriMlitco it int4> tin* oxygiui. Thi* wiro burns witli 
bright Hi*inti Hut ions, biriuiiig “ miignotio t»\idi^ td 
iiHUi, which drops in molten glolmlt^s Uj^sm the siiiid. 


SKiTION II. — llVOlKKIKN’. 

Exp. 1. — Preparation. — Introdme int4» a twelve-onncc 
tlask, with futitiel aiid cb'liverv tube as shtmn 

in the tigur«', !(» gnuumeH of zinc, and add IHOe.e. of 



dilute Hulphura* a<'i<l (prepared by previously iiii.\ing 
the <*oiU‘4*iitrat«Ml aeid with eiglit tiiiien its volume of 
water), liubbh^s of gas will be obsiTVfsl to riw* at 
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the surface of the zinc, and the gas passing out of 
the deliveiy-tube may be collected in strong glass 
cylinders as shown. Some cylinders of the gas may 
be obtained and reserved for an experimental in- 
vestigation of the properties pi hydrogen. When 
the action has ceased, the clear liquid from the flask 
may bo poured into a porcelain basin, and evaporated 
until it has been reduced to about 20 c.c. in bulk. 
On allowing the liquid to cool, crystals of a white 
salt will ho observed to separate out ; the zinc has 
<lisj)laced thri hydrogen of the sulphuric acid and 
fonmnl sulphate of zinc. 

Zn + H,S 04 = ZnS() + n2. 

Properties of Hydrogen. 

Exp. 2. — Takc^ the cylinder of gas first collected, and 
holding it inoutli d«»wiuvHrds, apply a light — the 
hydr(»gen will hum instant4incM»usly throughout th(‘ 
voHiMd with explosion, owing to its h(»ing intimately 
luixcnl with air curritHl over from the flask in whicli 
the hydr«»g«'n was gen<»rat<Hl. TIk' second cylindf»r, 
treatiHl in the same way, will j>rohahly he found to 
hum quietly, as it contains very little air. N#»tict‘ 
that in this instance the hydrogen hums only wliere 
it has atTesH to aii, iiaiiif^ly, at the mouth of the 
eylitider ; idso that a light<sl tajMT pitsiunl iq* into 
iho cyHmh*r whilst tie* liydii»gi*ii is hurniiig, will l»v 
extinguisluHl. Wv s«*e, thondon*, that hydrt»geii 
f hums when* it naues into tnuiiaet with tht* air, hut 
will imt Hup]K»rt the cMUiihtistiori of a ta|>er. 

Bxp* S» — Take a diy cylinder, souiewdiat siualler tliau 
those ummI for tHiUectiiig the gas, and luddiug it 
moutli downwards transfer the hydn»g(*n from one of 
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the cylinders into it by pouring upwards* The 
hydrogen will rise in the dry cylinder and displace 
tlie air f Aim it. Now apply a light tt> the mouth of 
this cylinder and tlioro will bo a slight explosion, 
owing to a small admixture of air during the 
transference, whilst the giis will burn and iiioistiirr* 
apiM>ar on the sides of the cylinder. W<» learn from 
this experiment that hyilrogcm is lighter tiniii air, 
and that, when it hums, water is funmsl. Tin* 
burning consists in the eomhinution of hydrogtm 
with the oxygen of the uir, 

Roservo a jar of liydrogen for an experiment to he 
«h*scrihfHl later, with its mouth undt‘r wat(*r, as dt^wrihinl 
under oxygen. 

Exp. 4. — Hydr(»gen can also he prejMinsl hy jmssing 
steam over red-hot iron. The oxygen of the steam 
combines with the iron and the hydrogen is liheratisl. 



Fit up the apfiarutus shown in the iigun^ It consisiM 
of a flask in which wubir vmii )h« Unhnl to pro<lui:f» 
steam. This flask is fitted with a c^irk through 
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which paHW'H u dclivory tube loading to n porccdaiii 
or luird gluHs tu))o containing iron hlingn. Tlio other 
end of tlio ]K>rcolain tube is also litt(4 with u CH>rk 
and bout tube leading bi a pneumatic trough for 
(jfdhxjting th(^ Iiydr<>gon. After the apparatus is 
arrangi'd, light the Ihinsf^n luiVner under th(* j)f>r(*<'- 
lain IuIm‘ and wait until the iron has beconu^ red-hot, 
iK’xt heat the water ami allow the steam to pass 
over the iron, •-hv<lrogen will Im* ev<dve<l, and a jar 
of it can be collect ed at th<5 pneumatic trough. 


iSkction hi. — Wateu. 

Exp. l.—'rake a strong soda-wab r botth‘ and fit it with 
a gooel tight eork. Graduate it in tlie hdlowing 
nuinma': — till it with wate‘r, ami pour into a im*asuring 
cylinder; read olt the yeduim* of the water, and 
take two-thirds <»f it ami pour hack into the* bottle; 
candully mark the Irved of the liejuid witli a slight 
tile Hcrateh, holding the bottle veilical. Now till 
up the bottle, and inverting it in llie juieuniatie 
trough, eand’nlly l»ring uieh r its mouth the jar oi 
hydn»gen. lly car* fulK tilting iho jar, hyilnigen 
call be passed into the Imlth*, bubble by bubble. 
\\ ln‘n the bottle is t .vo-thir«ls tull ed hydrogen (^down 
to the tile mark I till up tin* renmindi*r with oxygen 
in lilt* same iiiaiimu', ami rephn-v tla> e«trk whilst tie 
mouth is still under wat* r. We ha\e a mixture of 
^two volumes of h\drogen with om* of oxygen. Take 
the ladtle, carefully wrap it in a towel, and light 
a taper. Hold tlu' Indtle in one hand, n‘iuove the 
vork with the other, and get Mmnsme to bring tin* 
light imnuHliately bi the mouth of the Inittle. There 
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will ho li loud ro[Mirt, duo to tho oomhiuuiioii of Iht* 
hydi\>jjc<'n with tho oxvfCt'U. Wutor will ho foriiiiHh 
hut itjj foniiutiiui luTt' ls not ovidont hornuHi* tho 
hotth* wits alroiidy wot. If wo hiul tiikoii tin/ 
pis(\s and ]ilac*t‘d thorn in ii dry htiUlo, on i|4;nitin^, 
wator wiaild laivo*lM*on soon as a dow on tho sidos of 
tho vossol. 

Exp. 2. — Tho apparatus shown in 


ooj»t tho win's hoar- 
in^ strips (»f f»>il 
fuso«l into <‘aoh liinh 
of tho U-tuho noar 
tho hi'iid : th(‘s(' an* 
of j)latiriuin, and an* 
oallod tlio olootnuh's. 
Th<^ ai>paratus is 
tillod u]» to tho hull> 
with wator oontain- 
a littlo siilphurii* 
aoid, aiul <*aoh oloo- 
trish- is ooiiiirotod hy 
a I'oppfi* win* with 

a poll* of ,1 TV 

four JhinM*n’,.> or 
<iniv«*s’s colls. A^' 
niM»n as tlo* coiiiMS'- 
tioii is iii.’oh, i?' 

io riiNo from tin* 
<*h‘ct rodo**, and to 
oolhst in the liihoH. 
Tho volttnio of pis 
oolhs tifl in ono tuh«» 
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will ho ohM‘rvtMl to ho twice as pn*at (or rathor 


!jion\ owinj< to tho proah^r Hiluhility of oxyp*n in 
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water) ae that in tho other, and on examination it 
will be found that this gae ia inflammable, and ahowe 
the properties of hydrogen, whilst tho other will 
jnnove to be oxygen. 

Exp. 8. — With a clean knife cut a small pi(H;o of sodium 
and plaice it in the pneuiiiatic lrf>ugh, holding it down 
with a wire net IkjIow the surface of tlie abater and 
under a gas jar filUnl with water. Hydn>gen will 
given off and will rise in bub})h»s into tho jar, 
2Na+2H,0- 2Na()H+H,. 

Exp. 4. — Another ex^jeriment by which water may be 
shown to be a <!omj»ound of oxygen and hydrogen, 
is to |ms8 dry hy<lrogen <iver heatwl (?opj>er oxide. 
Tlie hydrogen unit(«s with the oxygen of the oxide 
forming water, and iiK^tallic t^»pi>er is left behind. 
Fit up a W(»ulffV Isittle with a funnel and deliver}* 
tube as shown in the figure. Plncf^ alnuit tw’enty grs. 




File. f*. 



of xinc in it and make the t^mninlions with the w*asli 
bottles and U-tulas The first Indtle should contain 
|ionuanganate, the m^sind concentrated 



WATSR. 


27 


mtlphuric acid, and tho U-tubo calcium chloride. 
Connect the U-tubo with ii bulb tul>o of hiinl glam* 
containing a few grainn of black oxide of copper. 
Light the Ilunnen burner under the bulb tul>e, and 
when the (ioj>per oxide has be<^>iiie hot, jHiur dilute 
sulphuric acid (h»wn the funnel of tin' Woulff’s ImiUU' 
from time to time tt> keep up ii Hiea«ly evolution of 
hydrogen. In a short time wati'r will be found in 
the end tu]>e, which, e<»ndensing iiibi dii»ps, may be 
eollet^tcsl in a small beaker plae^sl to rtH*eive it. 

Exp. 5. — Wlu'ii liydrogen 
is }»umt in <ixygen (or 
air) the gases combine 
and form water. To 
show this, take* the hy- 
flrogen apparatus list'd 
above, rt'place the h»ng 
dt'livt'ry tube by a 
shtirtt'r tme leading to 
a calcium chloridt* 
tube, the end t»f which 
is tlrawu out to a iniiiit 
as shown in the figure. 

• Place some gniiiulatetl 
/iiic (about 10 gnus.) 
in th«' fla-nk, add a 
little tliliitr siilphiiri*' 
aeid, — a g*'iit|e efb*!'- 
vest^etMrt* i»f hydrogen 
will takt^ plact*, and 
thtf air will be drivf*n 
out. Ih'ftire we light 
the hydn^gen wt* must }>e Kur«« tlmt all the air 
has been ex{M*llod from the apfmratus. Wo can 
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wlnm til in in tho cjoso by holding a toHt tube 
over tho jot (whieh Hhould bo pUHhoil well to tho 
top (»f tlio tubo) for u fow iiiimitott, tln^ii niiKing it 
griidimlly, uiid when oloar of th(‘ jot rapidly bringing 
llio thumb ovor its mouth. On bringing tho mouth 
of tho tost tubo to a llamo* tlu^ gas should burn 
(juhlly, uml not with a sharp explosion. When wo 
have got rid of tho air, and not until then, W(j can 
safriy light tho hydrogon issuing from tho jot. It 
will bo soon to burn with a palo bluish tlamo, 
soarooly luminous. N(»w bring ovor th(» jt‘t a <lry gas 
jar for a fow minut(»s. Moistun* will Ixj iMmdoiiMCHl 
tin th(» walls of tho vossol, showing that wabT lias 
1 mm ' ll jiroduood. 


iSKrnoX IV. — OllLOKIXK. 

Preparation. 

Exp. 1 1’lai‘o a littlo bhu'k oxah* of mangaiiost' in a 
tost tubi*, a»hl a fow <‘.o. of i*ouoontratod liNMlrorhloric 
aoi«l, Mild warm gnitly. Notin' that tin* air in tho tubo 
is rojilaood by a groonish-yoHuw gas of a puiigont, 
irritating odour. 'J’ako a piooo of litmus |^)>or, 
uioi^ti'ii. and iutrodiio*' it into tho mouth of tho tiiho. 
Tho ohiorino will gradualK bloaoh it. 

Exp. 2. * tn aoooiint o| tho tliNign oabh' i tfn ts loNiilting 

from br. atliing i‘hl*aiin\ lai*g»* <|iiantiti«'s of tin* gas 
should always Im* projiuro<l in tho ilraught olos»‘i. .Fit 
up tho appanitus do[>iototl on jsigo ‘Jit; into tho ihisk 
inti'tHluoo about lit graiumos of iimnganoso ilioxido 
(in tho form of lumps), and ahout laO c.o. of stnmg 
mtiimotvial hydriKlilorio m id. In tho suiallor liask. 
w hich will .M>rvo a.s a wusli-lmitlo for tho gais placi* 
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concontratod Hulphurie add m tluit tlioro iw about 
half an inch of it abovo tho oiid of tho tubo. Pla<'o 
tlio larp^o flask on a sand batli and warm p'ntl> , —n 
oiirront of jjcas will pass tliroti<j!:b tb<* wash-lM)ttl(' by 
tho dolivorv tub(> and into tho jar. Tho lattor will 
j^’adilally fill with thf» yollow pis, for tho oliloriio* 
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Indn^j;; hoavior tlian air sinks to tho bottom of tho 
jar and disjiliioos tho air. This tikhIo of 

is know n as “ dotcnuard dtnplacevieni,^^ This \ 
trannot la* oollc^ettHl by the pnounuitio trotip:h 
it is very soluldo in w ater. Fill six jars with chlorine 
in this manner. 


so eilLORlNK. 

Propertiei of Chlorine. 

Bxp. 8. — Light a taper, and introduee it into a jar of the 
gaa. The taper Htill bumfl, but with a cliangod flame. 
The cjolour bet^mioft redder, and volumes of wmty 
smoke are evolvfwl. Tlie chlorine combines witli thfj 
hydrogen in wax, but not with its carbon, which 
is consequently set frt'c as soot. 

Exp. 4. — ^Thr<jw a few graiits of jM)wdereil antimony into 
another jar. The metal (combines with a flash, giving 
white antimony cliloride. 

Exp. 6 . — Using the samci jar of gas, take a ph'tre of 
HfMliiim and heat it on a 
deflagrating sjmon until it takes 
tire, then place it in the 
chlorine, — it will bum vigor- 
ously, giving white de^K)sits of 
scxlium chlorid(\ 

Exp. 6 . — Invert a jar of chlorine in 
a tnnigh of water. The water 
will gradually rise, showing that 
it dissolves the gas. 

Exp. 7. — Fill a Con’|)er’8 tube with 
chlorine water (see flguroyand 
ex|)oso to direct sunlight; 
bubbles of gas will be se<m 
to rise in the liquid. When 
sufficit'iit pis has ndleetiHl it 
may be test^sl with a glowing 
splinter, and will be found to 
be oxypm. 

Fig. 9. The change w hich has taken 

place is represented by the equation — 

2a, + 2ii,o= IIIO+O, 
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Bxp. 8. — Pass chlorine for some minutes thit>ugh about 
60 c.c. of water, and to about 20 c.c. of thin add u 
solution of sulphuretted hydrogen ; hydnaddoric acid 
is formed, the liquid becoming turbid owing to the 
seiHiration of sulidiur, according to the e<|uatiou — 

Cl, + n,S = 2 Tia + 8. * 

Exp. 9. — ^Introduce a light<Ml jet of hydi'ogeii into a jar 
of chlorine. It etmtinues to burn with tlie pnaluction 
of fumes of hydr<Kdiloric acid. The fumes become 
denser if a drop of ammonia liquor be brought to 
the mouth the jar, 

Exp. 10. — Place n pi<HM^ of dry cloth dyeil with turkey- 
red in a stop|>ored jar of dry c.hl<»riiie, anti leave it 
some minutes ; no dec^lourization will cKxmr. If the 
clotli be now moistcmod and replac^ed in tlie jar it 
will be Vdeachod. 

Exp. 11. — Place a printed laWl, smeanxl with writing 
ink, in a jar of moist chlorine ; in a little while the 
ink stains will disap|>ear whilst the printing ink will 
be unaffected. 

Exp. 18. — Make some starch -uxlide jMiste as follows. 
Place a few* crystals of |)otasmum icslide in 50 c.c. of 
• water in a beaker, and heat until the iMiils. 

Crush a small piece of standi in a {lorcolain basin, 
make it into a thin jmste w'ith cold water, and aild 
with stirring to the iKiillng liquid montioncxl alnive. 
When cold take some narrow strips of filter }iai»er 
and dip into the liquid, drain, and allow to dry; 
those can I>o kept for l&Uit experiments. Take one of 
the wet pape^rs and put it into a jar oontaihing 
chlorine, A dark colouration is pnxlucocl, showing 
that tcKline has been lilierated. 

2KI + Cl, = 2KCn + I,. 
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Sk<^‘i<)N V. — TTYi)iw)cni.ouir Acid. 

Preparatioii. 

Exp, 1. — IMiuo iilMiut two jriH. of connnrm wilt in n 
tost and add a f<‘w r.c. of conmitratJMl sid]>]niric 

»U‘id. Warm p'litly, mid note tla* wliitt' fumes pven 
olf mid tlu‘ir irritating simdl. The pis evolved is 
liy<lro<*hl<U’i<' a< i<l, wlii< h fum<*s in moist air. 

Exp 2. — S<‘t u|i a similar piece* of apjiarntus to that 
us<*<l in making eddorine, and place alaait /iO 
^rmnnu's of (<omm<ui salt (in lumps) in the lar^e 
tlask. (TIu'se* can 1 m» made hy wiwin^ a hloek of 
salt into ]a<*ces of ahout a i uhic inch volume.) In 
the vvasli-hottle place a little* wate r. Take hO e.e. e>f 
cone*, sulphuric aeiel mal stir it paelmilly intee nn 
(*<jual hulk of wate*r. Whe*n e oe»l aeld p*a<lually to 
the* salt, pourin| 4 - it threaif^h the* funned. The pis is 
evedveel and he*in^ he*avie*r than eiir, e*an he e‘ollect<*el 
hy deiwnwarel displmeauemt, just as in the case of 
edilorinee. Fill twei jars, anel the holt-he*atl to he us(*d 
in FjXJ). 5, asi’ertainin^ when the*y are* full hy fiieans 
of a lig^htesl mutch, whiedi will he* extinpiisheel. 
It will he founel advisahle tei cedlen t the* pis in the 
dmught < hamhe*r. The Husk cemtaiuiiijj: the salt anel 
nciel must ho P'litly henitenl if the pis elo<*s ne»t come 
off rapielly e*nouj;;h. When the' vt'ssels are lilh*!!, the 
• pi8 cun be' iNisstsl into ahout KM) c.c. of distillcMl 
water, until the bubble's no longer elisap[M*ar u.s they 
|NkHS into the' liipiicL The* ap|airatus c'un then be* 
eliHccmiUH'UHl luul the large' pmi'rating tlask filUxl up 
with water. 
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Pmpertiet of Hydrochloric Acid. 

£xp. 3. — Fix Ik Hiimli of candlo on tt 

light it, and curofnlly lower it into a jar of 
hyilnK'hiorie arid^ It will ho itntiit><lifktoly oxtin- 
guiHho<l, pniving that the pi« doo« not aup|M>rt 
ctonhustion ; nor do«»H the gan itself igiiito. 

Exp. 4 , — Into tlio saino jar jMOir a few drf>p« of hluo 
litiiniH. Tlio r»donr will ho oliangiMl ti» rtnh indicating 
the acid nataro of the pis. 

Exp. 5. — Tt> m1u»w the Molnhilityof hy<lrochh»ric acid, till 
a largo lM»lt-ht‘ad, of at least two or tliroo litres 
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<?onti»nt, Mith tlio pis hy disulacoinoiit. Fit it wTth 
an iiidia-riihlwr oi»ri«, through which jsissi's a tube 
with Mto]»-v*M*k, and drawn out into a jot as shown. 
IH|i tlio f*xtroiiic f'liil of the tills* into water and o|M*n 
the I 



NtTlMXJEK. 


Under thone conditions the gus at first comes into 
(M)ntact with the water very slowly by a process 
of diffusion, and it is desimblo to bring about contact 
with a larger surfac;e of watc*r by cooling the flask ; 
this may be done }>y pouring a few drops of other 
over its surface. When 1h<! j(‘t once comes into play, 
the water continues to rise into the flask until all 
the hydro(dilorui atad is absorbed. 

Exp. 6. — To a few c.c. of the strong solution of hydro- 
(dikiric acid add a few pieces (»f zinc. Brisk 
efifervoscence Uikos jdace. If a light is brought to 
the mouth of the tube there is a sharp exjilosion. 
On evajKirating the liquid to dryness a white solid 
is obtained, — zinc chloride. The gas evolved is 
liydrogen. Zn-f ‘-2IIC1 = ZnClg-l-Iln. 

Exp. 7. — Take a few drops of the solution of hydro- 
4’hlori<; a(‘id made when preparing the gas, dilute 
with t(Ui or twelve titues it.s bulk of distilled water, 
and add a few c.c. of silver nitrate solution. A white 
curdy preparation of silver ehloride will ho produced. 
Divide it into two portions, and hoil one with strong 
nitric acid. It will remain unaltered. T<» the other 
add strong ammonia solution. The pres ipitate will 
bo dissolved. AgNO,+nCl=: AgOl+HNO,. . 

Section VI. — Nitkookn. 

Preparation. 

Exp. I. — Our chief source of nitrogen is the air, which 
^ (x>ntains nitrogen and oxygen with a little argon. 
By removing tlie oxygen we obtain a mixture of 
nitrogen wdth the small amoitnt i»f argon. Float 
a small |HUvelain crucible omtuiuiug rod phos- 
jdiorus, nil watnr, ami place a large beli-jur with a 
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narrow nock (Fig. 1 1 ) over it, m Unit tlio ilepUi 
of Uio water is utHiui oue-thinl the height of the 
boll-jar. Now ignite the pht^sphorus !>y touching it 
with a hot wir«\ anti <-Ioho the bell- jar by meaim of a 
c^>rk or stopiM'r. Tlie phonphorus will burn brightly 
at iirst, uiul tin* In^ut evttlvotl will expintl the guM and 
depresH the water iuHulo the jar. A.ft<.‘r a little time 



Fig. 11. 

the combustion will cease, and the water will ultim- 
ately rise above its original level. The fine white 
powder wliich is formal during the combustion, c«d- 
sisting of plios[»hf>niH |>f‘nt^>xide, will gradually settle 
di»wfi, and tUssolve in (h«t wuUt. When tfie water 
hiiH <snHe<l to rise within the jiir^ [xiiir more water 
into the Venn**! in ivhii li it stuiidH until the levels 
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iiiHido and outside are the same. The gas has 
diunninhed in volume and altered in character. It 
will ho found to extinguish a lighted taper, and to be 
quite inert towards chemical reagents. When air is 
dopriv^l of its oxygen, the residual gas, which we 
have now' in the jar, is nitrogen. 

f>(iN„0,) + P. = l\0,,-h2 0N,. 

Exp. 2. — Take a glass tube alwjut 700 m.m. high and 
15 m.m. diameter, closed at one end, and of as even 
bore as jmssiblo. Invert this, filled with air, over 
water, note the volume of the air, and jiass up into it a 
jueco of phosphorus attachoil to a sU>ut copper W’ire. 
The jfhospliorus will slow!}' combine w ith the oxygen 
of the air, and the wat(‘r will rise in the tube. Allow 
it to stand in a shaded place until the water ceases to 
rise. Now remove the phosjdnmis, and adjust the 
levi‘1 of the water to the same height inside and 
outside tin* tube, and note the volume of residual 
nitrogen. The volume (correction may have to be 
made for variation of teinpeniture and pressure 
during the experiment) <H'cupifHl by the original air 
and the residual nitix»gen may be ascertained wdth 
tolerable accuracy by seeing w hat volume of water is 
rtHpiiroil to till the tube to the two levels note<l. • 

Exp. 3. — Connect a gas holder containing air with a 
Kiiiall w ash bottle containing cone sulphuric acid, and 
providetl with a delivery tube bent once at right 
angles (Fig. 1 2). Now’ take a hard glass tube of about 
18 ill, leiigtli, fill it with copper turnings, which should 
• be held in their jdaee by two loose plugs of asbestos 
fixed nt about 3 in. from each end. Fit w ith two corks 
and into one intnsluce tlie deliven* tube from the 
w'iish*liott]e. Into tho other fit a delivery IuIm*. 
which should dip into a trough of water. Heat 
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the coppor turnings to mlnosH by inoiuiH <»f a lonjj: 
HuiiHon biiriioi\ placo a jar of wator <>vor tho oiul of 
the delivery tula*. The pis whieh ia (\xjM‘lhMl fi-om 
the pis holder, will, if the corks are ti^^ht and well 
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lK)re<l, iiaiis throuji^li the drying bottle, over the f;op[Kfr 
and bo there deprivw! of its oxygen. Note that the 
nitrogen is ofiloiirless, {mictically in*K>lubIo in witter, 
without taste or smell, and a non-supjK»rter of 
combustion. Bhako up another jar uoutaitiing 
nitrogen, with a little limo*wrator, and obiiarve that 
no turbidity is ] 
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Properties of Hitrogen. 

Exp. 4. — Tako a pieco of hard j^^laHH tuhing about a yard 
long and f in. diamotor, Boal off ono ond in t)io blow- 
pipe ilanio and }>ond it at aboi^. 3 in. from that end m 
art to make an a<*nto anglo. Fill it wdtli mercury, 
and, using a «mall liaHin or mortiir for a pneumatic 
trough, invert it and lill with nitrogen from tlie 
apparatus described under the previous experiment. 
C^ose the open end witli a tiglit cork and remove from 
the trough. Out off a strip of magnesium ribbon 
about 6 in. long, scrape it to remove oxide, coil it into 
a small narrow* loo]>, and drop it into the end of the 
tube, quickly replacing the cork. Fix the tube in a 
vertical jHisition with the corked (*nd under mercury, 
and heat the magnesium at the other end, first gently 
and gradually mor<* strongly. Magnesium is one of 
the few* elements w ith w hich nitrogen can combine, so 
on allowing to cool, and then tipening the corkwl end, 
the memiry w ill rusli in to take the place (»f the gas 
now' tombined w ith the magnesium as nitride. 


Section VII. — Ammonia. • 

Preparation. 

Exp. 1. — Heat a little amimmium chloride and quick- 
lime together in a test tube, after having |>ow'dered 
thorn. Notii^e the pungent smell i»f the gas wliich is 
* evolved, and that a pierce of moist red litmus paper 
is turned blue by it. 

Exp. S. — Fit up the piece of np|mnitus shown below. 
Powder 20 grammes of ammonium cliloride and about 
50 grammes of quick-lime. Mix about 30 grammes 
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of the limo with tlio nmmoniiim chlorido intimatolj^ 
and introduro tho mixture into the flnHk. Plaeo 
the romaindor of tho limo on tho top of thift so an 
to form a drvinj*: layer. In tho U-tuho plaoo piw<»H 
of fresh riuiokliyio to further dr\’ the (TIio 



ordinary drying agontn, nulphurie arid and calcium 
chloride, are inadnuNHihlo in tliiw ca«o hocauno ^hey 
comhino with amnumia.) Tho jam luiod for storing 
tho ga« should ho carefully dried before oxpori- 
mentifig. The ga» comes off on gently heating tho 
sand bath on w*hich the flask is placed^ and l>eing 



40 


A!hfMOXIA. 


lighter tlian air, riseg to the top of the jar. This 
method of collocting gases is sjmkon of as upward 
dinplacrment. Several jars can be filled, and covered 
with greased glass plates. 

2 Nil , ( ’1 -h 1 ^lO = ( ’ii( 1 , + 1 1,0 4 2 NII3. 

♦ 

Properties of Ammonia. 

Exp. 3. — Invert one of the jars in a trough full of 
water which has been cobiurcHl with a little red 
litmus. The gas will be a])8orbcd rapidly, the 
water rushing into the jar, and th(* rod litmus will be 
tunied blue. 

Exp. 4. — Introduce a lighted taper into another jar of 
the gas. Where the flame meets the ammonia and 
air together there will be a pule greenish mantle, 
showing that ammonia is combustible. 

Exp. 6 . — lUaci* some strong ammonia solution in a small 
flask and buhlile a rapid stream of oxygen through 
it from a gas-holder. Hring to the mouth of the 
flask a liglited taper. Tlien^ will be no doubt in this 
(»iso as to the combustibility of the ammonia. It 
may be found necessary to w ann the flask slightly to 
get a good evolution of gas, but with the stro(>gest 
solution of ammonia it works quite well in the cold. 

Exp. 6 . — Fill tw’o simil^ir jars by di.splacement with 
ammonia and liydrochloric acid gas re8|>ectively, and 
cover tlie mouth of c»ach jar witli a glass plate. Now 
bring them mouth to mouth and withdraw the glass 
^ pluti's. Tlio ga.He.s, as tlu*y como into contact, will 
iMimbine, forming a flue w hit<^ |H>wiler, which remains 
for some time diffused tlirougliout the jars. This 
substance is ammonium chloride, NII4CI. 

NH,-fn<l = NHs<'h 
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Section VIII. — Nitric Acip. 

Preparation. 

Exp. 1. — Introduce 20 j^rninmoB of ]>ota88ium nitnito 
into a Btopporod n*tort, and as much concontrato<l 
sulphuric acid as will just cover it. Apply a 
moderate heat, and presently the vaiK>ur of nitric 
acid will pass over and conderiso in tlio neck of the 
retort. The liquid may he colh‘ctetl in a small flask 
slippwl over the mouth of the retort, and kept ciad 
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by means of a stream of c^»ld water, or a wet 
cloth. When about 10 c.e. have condeiiMfsl, or twi 
soon ns whitish fumes of sulphuric acid beg^in to 
ap{>ear, the ejtperiment should be stop|HHl. 

The reaction is represented by the ispiaticm • 

KN(b 4- H,H0. =: KUSf). -f UNO,. 

PutanMiuni fiitinU-. A» id pitsssiuin sulphsUf. 

Car© must be taken tliat the mixture of nitrate 
and sulphuric acid does not cak© to the glass. A 
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pieco of wire g;auze would bo useful to prevent this. 
Place it on a tripod bo that it is just in contact with 
the glass of the roUirt, and fthako the contents from 
time to time. If fumes begin to aj)j)c^ar, remove 
the burner from the retort — ^^you are probably getting 
more nitric, acid ofT than you can irfinvcmiently con- 
doTiHe. Ohfterve that the liquid is of a yellowish 
colour (due to Bniall quantities of oxides of nitrogen 
which are diss^dved in it), and fumes in air. When 
pure it is colourless. 

Properties of Hitric Aeid. 

Exp. 2. — Dry some sawdust thoroughly ha a small basin 
before a fire. Take about 20 c.(\ of fuming nitric 
acid and stir it into the middle of the saw’dust. The 
nitric acid will rapidly oxidize the wood and the 
whole will he<u>me so hot ultimatf‘ly that it %vill hurst 
into flame. Suitable precautions should he taken to 
prevent any inflammalde material coming into contact 
with the burning mass. A M'ot towel is an effectual 
extinguisher. 

Exp. 3. — Plaeo about 20 e.c. of fuming nitrie acid 
in a small round -lM)ttome<l flask and warm it gently 
in the draught -chamher over a tri|x)d and gauze. 
Fasten a long pencil of w'ood charcoal to a copper 
wire, heat the pointed end in the basin until it glows 
strongly, and then introduce it into the acid. It will 
continue to hum vigorously, taking oxygen from the 
^ acid and causing it to evolve copious fumes of oxides 
of nitrogen. 

2 HNO.+C = H,O+N0,+NO-f CO,. 

Exp. 4. — To a few c.c. of indigo solution contained in a 
test tube add a few c.c. of concentrated nitric acid. 
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The acid oxidizes the indigo to a substance called 
isatin. The blue colour is consfHjuently bleached to 
a brownish yellow. 

Exp. 6. — Place a few pieces of granulated tin in a small 
lM>rc*4'lain criiciblp in the draught -<4iaiiiber, wanii 
slightly, and pour on tleMii a few drtips of cMmcentmteil 
nitric acid. Ruddy fumes will bo «'v<ilve<l and th<' 
bright mebil c<mverto<l inl-o a white ptjwder, which is 
a com]Kmnd of oxide of tin with water. The tin 
takes oxygen and water from the nitric acid and the 
nitrogen is evolved combinfsl with oxygen. 

Exp. 6. — Take a piece of .soft glass tubing of about | in. 
diameter and 18 in. long. Plow a bulb on one end, 
using the gas blow-pipe if m‘cessary, bend th»* tula* 
tw^ice at right angles, so that while the bulb is directed 
dow-nwards, the o]iposite end is directed upwnnls. 
Allow a few c.c. of nitric acid to run into the bulb, 
and place a dry, <*lean gas jar <»ver the other end. 
Now h<*at lh<> hori/.(»ntal ]iart of the tube by means 
of a long burner, gently at first, and then more 
strongly. Wlien it is fairly hot, warm the bulb 
e^irefully as t<i drive a slow currc'nt of nitric acid 
va|K>ur through the liot part of the tiiho. It will be 
•there broktm uj» into oxidt^s of nitrogen, water 
vajKiur, and oxygen. Place a piece of white paper 
behind the gas jar, — the contents will gradually 
assume a ruddy tint, due to the ]»reM*Tiee of nitrogen 
j;>eroxide. 

4 UNO, = 2 H,0 -b 4 NO, 4- O,. 

Exp. 7. — Take a few c.c. of a solution of |H>tasJI&um 
nitrate in a test tube and add about an er|ual volume 
of ferrous sulpliate solution. Mix well and cx>oL 
Now pour carefully dow'n the side of the tube a few 
c.c. of concentrated sulphuric acid. The heavy acid 
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will Hink U> the bottom of the tube, forming an oily 
layer, and wh(»re it coniea in contact witli the upper 
liquid there will be a dark brovrn ring. The sul- 
phuric acid rea(jtH with the nitrate, liberating free 
nitric acid, which in reduccMl !>y the ferrous sulphate 
with formation of nitric; oxide. This again combines 
with more ferrous sulphate to form a dark brown 
compound, which is Keen in the* ring. Being unstable 
it is d<*stroy<*d on warming. This is a verj' 
delicate test for nitric; acrid and nitrates. 

Exp. 8. — To a fcjw c.c. of cjoncentrated solution of 
potassium nitrate^ add a few bright pieces of copper, 
and warm gently. Nc»thing happens. Now' add 
carcdully a fow' c.c. of strong sulphuric acid. This 
liberates nitric acid, wliich at once begins to attack 
the coppc>r, forming a grct(>n .solution of copper nitrate 
and libcjruting brown fumes of nitric peroxide. 
(Nitric oxide which is c;cdourlc*ss, is tirst formed, 
hut it combines with the* oxygen of the air to form 
nitric peroxide.) 

3 Cu f 8 UNO, rr 3 (’u N( + 2 NO 4- I 11,0. 

Exp. 9. — To a fc'W' (ruble; cc’ntimetreH (»f nitric acid 

in a porcelain basin add fragm(*nts of lead, uud digest 
on a water- batli until the* acid is saturatinh and no 
more of the* metal will dissolve. Evaporate the clear 
liquid to dryneas, a white salt, nitrate of lead, remains, 

Exp. 10. — Dilute 5 c.c. of nitric* acid with an ecpial bulk 
of water and add a little litmus sedation, which will 
become of a bright riHl cxdour. Now' odd ammonia 
• solution, little l>y little, until tiio last drop turns the 
Litmus blue, and croiuvntrute the lic|uid to a ]x>int at 
which, whem a drop of it is allovvcHl to ixMd on the 
end of a glaas rod, it crystallizes. On standing, 
oiystais of ammoiiiuiii nitrate w*ill he obtained. 
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Exp. 11. — Heat a few gi'ainmes of potasHiiiin nitrate in 
a test-tube until it fuses^ and then drop into it one or 
two fragments of dry ehareoal. The chareoal will 
ignite and burn with violence, being oxidizcnl by the 
nitrate to CO... ^ 

Exp. 12. — Repeat the experiiiH’nt, introducing a few 
small shaving.s of lead; substituting shavingH of lead 
for the ehareiad, the lead will be oxidiznl at thc' 
expense of the nitrate and transfornu^d into a 
yellowisli powder of oxide of lead. 


Section IX. — Nitrous ()xii>k. 

Exp. 1. — Preparation. — Fit up a small, roun<l-hottomml 
flask with cork and d<div(*ry tube, as sliowii in Fig. 



1 5. Place in the flask abfuit 30 grammes of ammonium 
nitrate, replace the <^)rk and tube, and let the embof 
the latter dip into the piieiiiiiatie trough. As the gas, 
though fairly soluhle in cold water, iKaliiHwi itts4»liibe 
in hot water, trough and f*ollf*fHing jars mttat Ih> 
filled with the latter, nr, IwiU'T still, with mermiiy^ as 
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tthowri ia tho figure;. Wurni tlie; nitrate gently to expel 
the moiKture, and then lueire strongly bo as to fuse it. 
liuhbles of guH will rise through the melted mass 
and ex|)(;l the air. When you think the air has been 
expelled, bring a jar over the end of the delivery 
tub<;. A gentle evolution of gas must be kept up by 
using only a moderate temperature. If heated too 
strongly the nitrate will decomjKise with explosive 
violence. Collect several jars of the gas, and then 
raise the end of the tube out of the liquid in the 
trmigh, HO that, <iii cooling, tie; liquid will not be 
sucked back into the still heab^d flask. 

NU*N0, = 2H,0-f N,0. 

Properties of Hitrous Oxide. 

Exp. 2.— Take a jar of the gas — notice that it is colour- 
less aud of slightly swet.^tish taste and smell. Light 
a wooden spill and thrust it into tht' gas, observing 
the change in the character of the flame. The gas 
itself does mit burn, but the spill burns with a much 
brighter flame than in air. 

£xp. 3. — Placi; a small piece of sulphur in the bowd of a 
deflugruting spoon and ignite it by inserting it |or a 
moment into the flame of the Bunsen. While 
it is only feebly burning, depress it into a jar of 
nitrous oxide. The dame will be extinguished. 
Witlidraw the spoon, heat the sulphur until it 
bums with a brighter dame, and replace it in the 
^gas. The dame will become much brighter. Shake 
up the contents of the jar with water when the com- 
bustion has etMisixl, and te?<t the liipiid with a few 
dn»ps of blm* litmus. It will he turiuHl red, showing 
that the sulphur has foriioHl lui ac id substance. It 
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is tlio same compouiid that was prcnluced by tlie 
buriiLiig (if sulphur in oxygon. Tho oxygon in tho 
nitrous oxido has onmbin<Hl with tlio sulphur, but us 
it was previously in eoiulnnation with nitrogon, 
additional energy was rotpiireil in this 4*ase to 
cWoiiiiiosi* the o\*de^ heiiee tho ucHid of a brightly 
burning flame to begin with. 

2 N,() -f S = SO, 4. 2 N,. 

:p. 4. — Before filling one of the jars, lit it with a tight 
exirk. Heat the end of the rod of a dollugrating 
Hp(X)U in the Bunsiut liame until it is almost nnl hot, 
and push it through th(^ c^ork frtiin tlio inside until 
tlio bowl will just be opposite the iniddlo of tho jar. 
Fill tho jar witli gas, rapidly slide tho cover off, and 
introduces the? sjioon, (;ontaiuing a few small piocos of 
ignitcKl ]ihosphorus, and push the cork woU in. 
Notice that the* jiho.Hphf»rus burns almost as brightly 
as in oxygen, and with iht' prodin^tion of douse 
white fume.s. Light a tajK*r and, removing the C4>rk 
and spoon, lower it into the residual gas in the jar. 
Tho taper is extinguishiHh thf» gas being nitroguii. 
Shake up the whiti* fume.s with water, and tost, as in 
tho previou.s exjierimeiit, nitli a few drops of blue 
litmus. A r<?d colour will bo produced, — tho white 
fumes being oxides of phosphorus, which comhine 
witJi water forming the corresponding acids. 

P * - f * 10 N3O = P, <-)„,+ 1 0 N3 ; 

P/J., 4-2 11,0=: 2 H,P/)e. 

£xp. 5. — Fill a largo dish wdth cold water, and a^r 
inverting one of the jars of gas with its mouth under 
wat4T, slide away the glass plate and tilt tin? jar so 
that a few bitbhh n of ga.s er^iape and are repiacfsl by 
the c«»ld fluid. lns<*rt y*»ui hand under water and 
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cover the mouth of the vessel by firmly pressing it. 
Remove from the dish and shake vigorously; the 
water present will dissolve sf)me of the gas and cause 
a diminution of pressure^ shown by the suction on 
your hand. Still keeping youi;hand tightly fixed over 
the mouth of the jar, bring it under water again, and 
allow more water to be drawn in, taking care, how- 
ever, that no air is drawn in at the same time. 
Replace yrmr hand and shake* up again. By repeating 
the pro<!es8 described, if the gas is pure*, it can be 
completely dissolvefl and its place taken by the water. 
This experiment further emj)ha8ises the need for 
using hot water instead of cold in collecting the gas. 

Exp. 6 — Take a jar of air and place it with its mouth 
open and turned upwards. Take, again, a jar of 
nitrous oxi<le and, sliding off its cover, j>our out the 
gas from it into the jar of air, as though you were 
pouring n licpiid. Test the jar which originally con- 
taiiUMl air with a glowing splinter. It will be 
re-ignit(*d, showing that the air has been displaced 
by the lieavier nitrous oxide. Test the jar w'hich 
originally containo<l the nitrous (»xide in the same 
mann(*r. It will bo found to have no effect on the 
Hjdinter — b(»ing m»w' full t»f air. Nitrous oxide is 
nlHUit one and a half tiiiies as heavy as air. 


Sbci'Iun X. — Nitkic < >xu>k. 

Ssp. 1. — Preparation. — Take the api^ratus used in 
making hydmgtui (sis* Fig. It* ami iiitnalrn'o inU» the 
fitiHk about 20 gruiniiMvs of sinall jiieces of mpiier. 
Allow tlie eml of the delivery tulw to dtp under th«* 
watnr in the trough, and pnnr just sttfHeient water 
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through the funnol to couveniontly cover the end of it. 
If your a|>|winitu» is quite tight hiihhlos of air will 
hi* fon'inl out of the delivery tuhe. Now luix about 
AO VA\ i*f ronieiitratiMl uitrie luid with an equal 



in. 

hulk of water, and iwiur u little of the mixture 
through the funnel. Tin* mid and the copper wdll 
react, and huh)»le.s of gun will he given off, the 
Holution turning grei^n from format iuu of copper 

Ued fuiuen will at fii>t he seen in the flank. When 
thene have di^^appejired, place a jar full of wuhu* 
1 which nefnl not he* warm) over the end of the delivery 
tuhe, and fill it with ga.n, ColliKit neveml Jar**, and 
cover them with wet gluMH platen in the UHiial W'uy. 

If the Hank gets hot, cool it by pcjiiring oidd wato# on 
the outnido. If gan dra^ii not come off rapidly enough, 
add more acid. The rem‘tion in rcj>rf?«eiit€Kl by the 
following equation : 

3 Ctt-h9 UNO, = 3 Cu(NO,),d-2 NO+4 HA 
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Properties of Vitric Oxide. 

Exp. 2. — Fix a small piece of candle to the bowl of a 
deflagrating spoon by heating the latter lightly in the 
flame of the burner and holdii\g the candle on it until 
it is set. Light it, and^ after removing the cover, lower 
it into the jar of nitric oxide. It will be immediately 
extinguished. Notice that rod fumes are produced 
near the mouth of the jar on removing the plate. 
Nitric oxide evidently does not itself bum, nor 
does it support tho combustion of a candle. 

Exp. 3. — Place a piece of sulphur in the bowl of a 
deflagrating spoon and heat it fairly strongly in the 
flame until it bums brightly. Lower it into a jar of 
the gas. It will be at once extinguished. Nitric 
oxide does not give up its oxygen even to hrigM^ 
burning sulphur. (Compare tlie behaviour of nitarous 
oxide in this respect.) 

Exp. 4. — Out oft a piece of yellow phosphorus of the 
size of a pea, dry it quickly with a piece of Alter 
paper, place it in a deflagrating spoon, and touch it 
with a hot wire. As soon as it begins to bum lower 
it into a jar of the gas. It will be extinguished. 
Bemove it rapidly and replace the glass plate. Ignite 
it as before, but allow it to attain to vigorous com- 
bustion this time before inserting it into the jar. It 
will now bum with a much brighter flame than in air. 
Nitric oxide is a more stable comp<iund than nitrous 
oxide ; hence a higher tem|)erature is required 
^ to deoom|>ose it. Tho white fumes observed are 
due to oxides of phosphorus. Dissolve them by 
shaking up with water, and test the solution with a 
drop or two of blue litmus. The liquid has a strong 
acid reaction. 
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&tp. 6. — For thU oxperiment you will nood a miiall 
supply of oxygon. Take th© apparatus you usod in 
preparing oxygon (Section I, Exp. 1), and charge it 
with about 10 grammos of the mixture of }>otasHiuin 
chlorate and niangunoMc dioxide. Heat it until all the 
air has boon oxjioIUhI by oxygen, and then fill a jar 
with it by displacement of water. Invert one of the 
jars of nitric oxide in the tnnigh, remove the glass 
cover, and allow about a quartcT of the gas to es<*aj>e, 
taking cure that no air enters during the pro<H*ss. 

* Bring the mouth of the jar of oxygon umb'r that 
of the jar of nitric oxide, and carefully tilting, i>ass a 
few bubbles of oxygen into it. Where the two gases 
come into contact ruddy brown fumes i»f nitrcigen 
peroxide will be seen. Shake the water round the 
jar so as to offer as large a surface as ])ossible to 
the gas, but bo careful to prevent any air entering. 
The fumes will dissedve in the w*ai€*r, the oontimts of 
the jar becoming quite colourless again. Pass in a 
few more bubbles of oxygen and rojwut the almvo 
process. The nitric oxide will gradually comf»ino 
wdth the oxygen, and the product will dissolve in the 
water. Water will bo drawn in U> take its place, 
^nd if your gases are pure you will ultimately have 
nothing in the jar V)ut watc»r. By reversing the pro- 
cess, and passing nitric oxide, bubble by bubble, into 
a measured volume of air over water, wo can with- 
draw the oxygen, and measure the residual nitrogen. 
This was one of the first methods used in the analysis 
of air. 

2N0 + 0,= 2N0,; 2 N0, + n,0 =r HNOa + HNO,. 

Sxp. 6. — Prepare a concentrated solution of ferrous sul- 
phate, by powdering 10 grammos of the crystals in a 
small mortar and shaking up in a flask with about 
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50c.c. of water. Pont off the clear liquid rapidly 
into a jar of nitric; oxide, and cover the mouth with 
your liand, wliicdi hIiouM lie wet. Sluike up well, and 
notice that the p-ecm Holuticui of Huljdiate turns dark 
hrown. It has dissolved tlio T»itri(M>xide, forming the 
cornpoiiTid which served as a test fm* nitric acid. (See 
Section VIII. Kx]>. 7j. Now o]M'n the month of tlie 
jar under water — if tlie g.as was pure, and tlie ferrous 
sulphate solution strong, the vessel will iniinediately 
fill with water. 

Exp. 7. — I*our a few dro]»s of carhon hisulphide into a 
jar of thc‘ gas and rapidly n place the (;over. Sliake 
well, HO that the liquid exjioses a larger Hurfnco, and 
laxjoiui's vaporized. Light a tapcT, remove the glass 
plate, and bring tlu' light to the mouth of the jar. 
There will lx* a brilliant Hash, due to the com- 
bination of tin* carbon and sulphur witli the oxygen 
of the gas. 

(] NO -p ( ’S, = ( { ), 4. 2 S( ), 4. 3 Nj. 

Exp. 8. — Pour off tlie giMM'iii^h-bliie solution of copper 
nitrate from the flask ustsl in the preparation of the 
gas, dilute^ it, and filter it free from particles of 
copper, carbon, <‘tc. Kvaporute it in a poKolain 
basin over a naked thime^ im a trij>od, taking care 
that the tbune does not ]>lay ab(»v(* the Kurfnee^ of the 
Ihpud. Wlum most of the water ami nitric acid have 
bcHUi drivtui off, evajMirat«‘ to dryness on a w*tttor 
Iwith. The green solid remaining is copjsT nitrate. 

• Break ofT a siimll piece and lu'at it in a dry tube. 
Denso brown fumes id nitric [>en>xiile are driven off, 
mixed with oxygen, and black copper oxide is left 
in the tul>e. 

2Cu(N(b), = 2CuU 4 NO, + 0», 
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Exp. 9, — Heat a fow crystals t>f {K^tiiasimu nitrato titroiigly 
in a dry tost tube. First they c.mcklo and fly about, 
then fuse Rn<l ji^ivo ofT a colourless gas. Test it with 
a glowing splinter. It is <»xygen. The residual salt 
is iH>tHHsiuiu tntriU. When cik> 1, dissolve it in a fow 
drops of water, add a drop or two of dilute hydro- 
chloric acid, and innTt a starch -itxlido paper. The 
nitrous acid liberates iodiius which colours the paper 
a dark blue. 

•iKNO.rz 2 KN( ), + (),; KN(bd-n01 = HN(\ + KC1; 
11N( ), + K I K( >11 -f NO -f L 

Sk( T io\ XT. — Sri.ciM’K. 

Properties. 

Exp. 1. - Take a few pit'ces of the brassy mineral, iron 
pyrite ; powde r it well ainl introduce it into a 
narrow tube of hard glass, elosed at one end. ITeat 
it gradually until it red hot. The substance W’ill 
part with H«»rne of its sulphur, whifdi will settle on 
tlie walls of ilic tub<‘ as a light yellow' do]M>sit. This 
will inedt to a liglit-colourfsl liquid on further heating. 

•The residue, oven aft*'r b«*ing strongly heated, still 
(HUitaiiiH sulpliur — being a lower Huiphide of iron 
calhsl “nmgiu tie j»yrit«-h.’* 

.'JFe.S ^ fo S.^-S.. 

Exp. 2. — I’ak*- a P«und‘bo<t#»iaed fljisk of about 250 c.e. 
eafsu ity, clean and dry it. Un ak up about 20 gmtiimes 
of roll sul[ihur in a niertur until the piiH-esaro sitiAliyr 
than j»eas, and transfer them to the flask. GraN[i 
the ncs:k of the flask in a Hinull clamp or test tube 
holder, and warm the contents gently over tho flame 
of a Bunsen bunier. Notc^ carefully all that takes 
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place. At first there is a slight crackling caused by 
the uneven expansion of the sulphur, and then the 
portions near the glass melt to a dark liquid. The 
fiask should bo shaken gently to allow the tempera- 
ture to become equalised, •sulphur being a bad 
conductor of heat, and then heated again. When 
the solid has just disappeared we shall have a thin, 
mobile, amber-coloured liquid, at a temperature of 
about 115°C. Continue heating, — the colour will 
gradually become darker and the liquid more viscous, 
until at a temperature of about 220*^0, it is of a dark 
brown colour and of the consistency of treacle, so 
tliat the flask may safely be inverted w'itliout loss of 
the contents. On applying more heat the colour does 
not alter much, but the liquid again becomes more 
mobile. At 440°C, it l>oils and gives off a dark 
orange-coloured vajmur, which will probably take 
fire in the air with a slight report. Allow the flask 
to cool slightly (to about 350*^0), and slowly pour the 
dark mobile liquid in a thin stream into a large dish 
of water. Take out the yellow solid and note that 
it is senii-transimrent and plastic. It can be stretched 
and twisted in the hands like a ])ieco of indiarubber. 

Exp. 8. — Heat gently a few pieces of sulphur in E tost 
tube until they are just melted, and tlion j>our as 
before into water. Take out the K<diditii*fl mass, and 
observe that it is yellow, hard, and brittle. In 
making plastic” sulphur, it is necessaiy to heat 
it to the temperature mentionc>d above, m., about 
• 350°C. 

Kxp. 4. — Take a fairly large clay crucible and fill it w ith 
pieces of roll sulphur. Place tlie crucible on a sand- 
bath and heat it up gradually until the solid has 
melted to the thin liquid, at a temperature of about 
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120^ C. Bemore the flame from the aand-bath and 
allow the crucible to cool slowly until a crust has 
formed on the surface of tlio still molten liquid. 
Pierce the crust in two piaces by moans of a Hhar|) 
iron rml, raise th^' crucible with a small pair of tongs 
and i)our out the fluid into wnter» cnrofiilly allowing 
the last dn»p8 to drain out. Ih'inovo the crust, and 
notice the sliape of the crystals of sulphur in th«’ 
crucible. Tlioy are long anti lUMMlh'-shaptHl, This 
is known as the prmnattc motliiicatitm. 

Exp. 6. — litnluce a few pit*t*es t»f ortlinary ndl sulphur 
to a fine ],M>wtler in a mortar and inti*tKltice it into a 
test tub(*. Aihl alsMit 20 c.c. td <*urhon bisulphide 
(iaktt care that you ket'p it away frtmi the neighbtuir- 
htKKl <»f any flaim*), k(Hq> your thumb over th<* iiuiuth 
of the tube and agitate %vidl. Warm the tube gcmtly 
in a btukt'r of hot water, sliaki* again, and fllt<*r frtim 
undisKtdvtHl sulphur, etc., into a small glass 
evaporating liasin. (\>v#»r with a largt* watch glass, 
and h*ave in the draught chambt-r to evajM>rate. If 
the carbon bisulpliitle has t'sciipotl fairly slttwly, 
bt^autiful transparent crystals of a luuiey-yellov 
colour will be left. This form of sulphur is known 
• as octahedral, 

Exp. 8. — Take alsmt a gramme ed fl<iw«jrs of sulphur ** 
and place it in a ilry test tube. Add about 20 c.c. of 
c«irlK>n bisulphhie, shake well, an<i wunu gently. 
You will notice that there is still undismdvKl sulphur 
present and that its lolour is jailer than before. 
Has any dissolved ? To uMertain this, fllti# off 
the clear liquid after letting the jiarticles of solid 
settle to the Isittom, and allf>w* the solution to 
evaporate, as before, in the draught chamber. It 
will deposit yellow frrystals, hence some sulphur has 
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beon dissolved. Treat the insoluble portion in the 
same way with more (jarbon bisuliihide. It still 
refuses to dissolve. Thi.s almost white form, insoluble 
in carbon bisulphide, is known as amorphom^^ sulphur. 

Exp. 7. — Take a small piece <»f,your freshly prepirod 
specimen of ** plastic*’ sulphur, put it in a test tube 
and pour on to it ulwuit 10 c.c. of carbon bi.sulphide, 
and wanii the mixture by }>laeing the test tube in a 
beaker of hot water. Filter the liquid on to a dry 
f;;lass plate and allow it to evaporate in the draught 
chamber. It will leave practically no n'sidue, as plastic 
sulphur is almost insoluble in carbon bisuljdade. 

Exp. 8. — Put aside sper-ituens of your plastic and pris- 
matic suljdntr and examine them from time to time. 
After a few days the plastic fonu will bec’onie hanl 
and britth', and will lose* its transparency. The 
transparent prismatic crystals will also turn y(*llow 
and ojMupie. Ihilh forms are unstable and pass 
gradually into octaluslml sulphur. 

Exp. 9. — Fuse a little “ flowers of sulplnir ” with an fMjual 
quantity of sodium carbonate in a small iron or js>rce- 
lain crucibl(>. Allow to coo], and dis.s<»lve the .S4did mass 
in a little uattT. (’lean a shilling by first scouring 
with sand which has been mnisti’iusl with a ft‘W <li*ops 
of caustic soda, washing, dip]>ing in a litth* warm 
dilute nitric acid, and limilly rinsing with water. 
lUp the ch'un shilling in the solutinii in the cnu*ihle. 
It will be turneil black, beeuming <'<*atcd with silver 
sul)>hide. 'rhis react it»n is us»hI in testing lor sulphur. 

Exp. 10. — Take the (lask you ustsl tor melting 
sulphur in Exp. 2, and plaee a few piw-es of sulphiu* 
in it. Bond a picTO of still copper w ire nuiud a glass 
tubo of uIhuiI i ill. diameter, so that it w ill easily slip 
into the tlask, and bend a pioi^e at right angles so 
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that the spiral will he Kiip|K>rt.(Hl on the iiionih of the 
flank with its end just over the sulphur. Iteniovo the 
copper and carefully heat the sulphur until the 
flask is full of dark-nnl vaj)our. Nt>w heat the spiral 
in the llunscn flame until it is almost re<l hot^ 
holding it with a pair micihle tongs, and rapidly 
introduce it into the sulphur vajMuir. Comhinatioii 
will ensue and the vigour of the reaction will keep 
the spiral at a red heat. When tlu' co[)por ceases 
glowing remov<‘ th(^ llame from th<‘ llask and takeout 
thi'wire. It will he found to he almost \n hMllyconvertiHl 
into a black brittle mass of cuprous sulphide, which 
can ho easily broken away from tin* residual thin 
thread of coj>per. This and the following experiment 
sufficiently (hmionstratc^ tin* alhnity of snlphur for 
the metals. (^u-hS = ('u,S. 

£xp. 11. — Mix intimately in a mortar 7 grammes of iron 
flling.s and 1 grammes of “flowers of sulphur.” The 
iron and suljdiur do not c<»mhine. Imt «*un he sej^araUsl 
by means of a magnet. Now Inat tin* mixture 
strongly in a clay crucilde. The mass will glow 
brightly wlnui combination Uikes place. < >ii (‘oohng, 
a friable, black ma.s.s will Im* scetr, <»n which the 
^lagiu't has no action. This is feiroiis sulphide, und 
it should be put asid»* for a future experiment. 

Fed-S=:FeS. 


t>K(TloN XlI.-~ Si 'Li'iii'Ki:n>a» 1 1 yiuc»<o:x. 

Preparation. 

Frp. 1. — Fit up a Hniull hydrogen up]»aratUh as shown 
in the figure on the next |»agr*, and place in it alanit 
10 grammee of granulated zinc. OonncM.! it with a 
email wash bottle ermtaining a little lead acciaUf 
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Dolution. Pour on to the zinc a little dilute sulphuric 
acid. Gas will bubble through the lead acetate and 

9 



Fig. 17. 


bo thoro doprivwl of any suliduirottod hydrogen it 
may contain. Now boat a few pieces of roll sulphur 
in a Kinull ronnd-bottoniod flask until it is just below 
boiling point. Wnnn the end of the glass tulK? 
lending from the wash-bottle, and insert it in the 
ntoltim sulphur. Hydrog<‘n will buhbh* thnuigh the 
sulphur aiul there emubine to form sulphuretted 
hydnigen. This can be tt'sted for by holding asemaU 
])it«ce of filter i^ajierf laoistonod with lead acetate 
sedation, over the mouth of the flask. It will be 
turne<l black, owing to the prinluction of lead sulphide. 

Exp. 2. — Take a few pieces of the ferrous sulphide pre- 

^ pared in Kxp. 11, 8ecti(jn XL, place it in a test tube 
and atld a few c.c. of dilute hydrochloric acid. There 
is immediate evolution of a gas, which has a 
peculiar, offensive odour, resembling that of rotten 
eggs. Test the gas by bolding a piece of lead 
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acetate paper oyer the mouth of the tube. It will 
be blackened. 

FeS + 2HC1 = Fea, + H,S. 

Properties of Sulphuretted Hydrogen. 

Exp. 3. — Thoroughly wash out the hycln)gon generator 
and w^abh-bottlo used in Exp. 1, and l»ring into the 
largo flask several lumps of ferrous sulphide, and 
into the wash-bottle a little water. Mix about 100 
c.c. of concentrated conimercnal hydrochloric acid 
with an equal bulk of water, and pour a little of the 
mixture into the funnel of the generator. 8ul- 
phurcttixl hydrogen will bubble out fn>ni the wasli- 
bottle, and sevcnil dry gas jars can be filled with it 
by downwanl displacement of air. (The preparation 
of this gas sliould be eflected in the draught chamber.) 
When the evolution of gas slackens iwiir in more 
acid. The jars must be covercwl with gr<*ased plates. 

Exp. 4. — liomove the ghiss cover from a jar of the gas 
and bring a lighted tfip<*r to the mouth ; it will bum 
with a i>alo blue flame, sulphurette<l hydrogen being 
combustible in air, and a slight yellow de|xmit of 
• sulphur will be produced on the walls of the jar. 
NoUt (by its srnoll) the presence of the same gas that 
was fonmnl when sulphur burnt in air. On thrust* 
ing the lighted tap<*r down into the gas it should be 
extinguished, as sulphuretted hydrr>gen does not 
support combustion. If it is not, the reason pro* 
Ijably is tliat the air in the jar was not couip>tely 
disjilaced by the gas. 

2H,8 + 30, = 211,0^*280,. 

Exp. 5. — Take one of the jars which have been filled 
by displacement of air, introdnoe about 100 c.c. of 
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cold water, and close the mouth firmly with your 
hand. Shake vij^orously. Tour hand wiU be sucked 
in, indicatinjir diminution of the pressure of the gas 
in the jar. ()ju‘n the month under water, taking 
cure that no air is drawn in aj the .same time. Water 
will rise int<» the jar to take the place of the gas 
whicli lias liec^n dissolv(»<l. Sulphuretted hydrogen 
is fairly soluhlc* in cold water, but only slightly so in 
hot water. To oliiain the gas free from air, we 
collect it over Imt water as in the case of nitrous 
oxi(h\ Pass some of the gas through a little water 
in a flask and add a few' dro])H of neutral litmus. It 
will lie reddened, indicating the prescaice of an acid. 

Exp. 6. — Ih place the delivery tube of the genorattir by 
the drying tube and glass jet us(hI in Kxp. 5, 
Se ction III., ke»‘p u]) a good gas evolution, and when 
all th<> air has been drivtui out of the tube, light the 
gas. Itring a dry gas jar ov<'r the thime and allow' 
it to reniJiin there for a minute or so. Nt»tiro that 
moisture is condeiisi'd on the walls of the vessel. 
This is uroiluced from the hytlrogen of the gas, 
hy its union with the oxygen of the air. From Exp. 
I \V(' also know that Hulphur is a constituent. Tost 
the moisture in the jar with a piece of neutral Ikinus 
paper, it will he rethli'iicsl hy the sulphurous acid 
dissidved iti it. 

Exp. 7. - lake five large test tubes. Itito the first bring 
a few erystals nf eojipt r sulphat*', diNS«»l\»' in about 
/)0 e.e. of wat»‘r. and acidify with a few tlrops of 
• hy<lnH‘bloric m id. Into th** seioud bring a little 
jHiwderetl white ar.Mmie and dissolve in dilute hydro- 
t'hlorit' aci<l. Place a few crystals of zinc sulpliate, 
lorrous sulphate, and stHliuiu chloride in the* third, 
fourtli, and tilth tubes rt^jH^divoly, dissolve each in 
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about 60 c.c. of water, and acidify with a little hydro- 
chloric acid. Now pans ii stream of sulphurettixl 
hydrogen thnm^h tin* liipiid in (»ach (nhe. The copper 
s<»lution will fifivo a dense black pre«‘ipitute of «‘f»pper 
siilpliitle ; the ars^'iiic solution a bri;^ht y»'llc>w precipi- 
tato of arseiiiiius siiljdiid«*. hi fie* other fubes there 
will be no appart'tlt ch:m;re. To llieiii add a few c.c. 
of stronj^ aiimeuiia s«diitioii. 'Idie /.iiir solulion will 
^‘ive a white ]ireeipltate td ziie- >n)[diide. the iron a 
black mass of f« rrous •sulphide, 'riie sodium chloride 
sfdution will still remain um han^jred. 'l le st* facts are 
tised in itleiitifs inj4- the dill^ reni iie tals, and form 
[»art of the basis of «jualitative aiuilysis. riie sulphideM 
of coppfT and arsenic are insolubh* in tlilnte acldK ; 
thos<M»f zinc, iron and sodium are soliihle. Zinc and 
iron 8ulphi<les, however^ an* iiiMdubh* in alkalies, wliile 
sodium sulphidt* is solnbh*. 

('uS( >,4* HjS = ( ‘uS-fll ,S( b; 

•iAs(d,-4-d II.S = As,S,4<i ih'i. 


Hki'I'Io.v XIII. “-Si'Li'iiru I>foxii»K. 

Preparation. 

Efp. l.~~l Maee u litlh* siilplinr on a ilefhif^Talin^ HjSKiii 
and beat it until it barns with a pale blue flame. 
Observe the characte ristic siilbn at in^ •^niell <if hu]]dinr 
dhixid<s and alM» tie* pe<ailiar t.iste it h aves, 

S-f~0 — b- 

Exp. 2. — Heat a f«‘w bri^^ht copper turninjcs in a test 
tube, w ith a few c.c. of comentratesl huljdiuric 6cid, 
until brisk evfdution (tf (cas takes jdaee. f)b«crvo 
the smell, tiinte, etc. of the It is Hulphur dioxide. 
The rotiction iniiv be rr*^ard«l as taking [dace l>etw'0oii 
the c<ip[>or and sulphuric acid in the first place, with 
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evolution of hydrogen, the hydrogen then reacting 
with more Hulphuric acid, breaking it up into water 
and sulphur dioxide. 

Cu -|-H,804 = Cu804-f Ha ; 

H, + IIa804 = 2lTa(^ + f^Oa. 

Exp. 3. — Fit up a small dask (about 500 c.c. volume) with 
a good cork, thistle funnel and delivery tube, as 
shown in Fig. IK. Introduce about 50 grammes of 



copper dippings, and about 100 c.c. of ooncentmted 
» sulphuric acid. Warm the flask with the Bunsen 
flame until the gas is evolved briskly, and then turn the 
flame low. Collect a few jars of the gas by down* 
ward displacement of air, sulphur dioxide beiiig 
heavier than air. The jars should be diy, and 
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covered with greased plates, and the gas should be 
ooUected in the draught chamber on account of its 
unpleasant effects. When the gas has been collocte<i, 
turn out the burner and leave the apparatus for a 
future experiuieiit^ 

Properties of Sulphur Dioxide. 

Bxp. 4. — Remove the cover fn>m one of the jars of gas, 
and lower a lighted candle into it. Th<^ candle will be 
immediately extinguished ; sulphur dioxide neither 
bums nor suppirts c4mibu.stion. 

£xp. 5. — Add a few drops of blue litmus solution to 
about 50 e.(!. of water, remove the plate fr«jm a jar of 
gas, rapidly |Hmr in the oolourcHl water, and close the 
moutli of the jar tightly with your hand. Hliake 
vigorously. The gas will dissolve in the water, turn- 
ing the litmus red, and your hand will l>e suokocl into 
the jar. Open the mcuith of the jar under water — it 
will rapidly fill if tJie gns was pure. The water con- 
tains sulphurous acid in soluticm. 

HaO-hHO, = 

Exp. 6 . — Rose-leaves thrcfwn into a solution of sulphur 
^oxido are bleachcnl, the colouring matter, liowevor, 
is not destroyo<l as when chlorine is usimI, and tlio 
oolour may even be restore<l again by adding a few 
drops of strting sulphuric acid, or by exposure to air 
for some time. 

Exp. 7. — Liberate iisline from a srdution of potassium 
iodide by adding a fetv (irop$ of chloiino water ; v«ow 
add sulphurous acid, and the brown cxilour of the 
iodine will di8ap|>ear. 

2 Kl4-('b = 2 KCl-hl*. 

HI. 
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The sulphurous acid reduces water, and is itself 
oxidized to sulpliuric* acid, whilst the hydrogen which 
is liheraied coinhines with the iodine to form 
hydrio<li<! a<‘id, which is colourless. The reaction 
which tukc‘S place with chloj’irie watf‘r is expIaiTiffl 
h>- the c'Cjiiat io?i. 

Exp, 8.~~To a s<»lutioTi of ]M»tnsKiuTu chromate add 
sulphurous aci<h ^he colour of the c‘hromiite 

will <*hfiTigc* to yrrt H ouifig to the* reduc'tioii of CrOs 
to tv/ > 3 , the salts of the formc‘r heiug red or yellow, 
whilst th«»s<* of the hitter are greou. This cliange 
from yellow to gnsui alTorils a means of testing for 
the presence' of sulphur dioxide eitluT in the* gasi*oun 
state or in Holution. 

Exp. 9.~-Ti ih(‘ 50 c.c. of a solution of c'austic soda, and 
pass Kulpliur dioxide into it till it is s/iturated with 
the gas. On allowing the solution to (*vaporat<* at 
ordinary t*unperaturc*s (it decomposes w h(*n lu'ated), 
or on tiddtng alcMihol t(» it, llu* acid mlty sodium 
hydrogem sulpliite, separate's out — 

Na( )II-pS( ). Nal I S( ) 

If wc' add a sen’otid 50 c.<*. of tin* same solution of 
caustic soda we' shall then obtain eui <*vaj>oration or 
treatuu'ut with ah'ohol tin* normal salt — • 

NaOlI-fNallStV, = Na,St»^-f]I/). 

Exp. 10. — INovdor a eTwtnl e»r two of sodium suljdiite, 
place the* |Knvde*r iu a test tube, anel aehl a fe*w* elrops 
e>f dilute* liyelrochhnic acid. Suli»bur elioxide* is given 
off iiiid cun be reH*e»gius<*d by its smc*U and its ac'tion 
• on a picH'i* of lilter paper whic'h 1ms be<*ii dippcnl in 
n «olutie»u <»f |H»tas,sium chromate (sex* Exp. 8 above.) 
This is a convenient method for the proeluetiem of 
pure sulphur dioxide. 

J IlCl = 2 NaCl+H.Od-SO, 
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Sxp. 11. — Dinsolvo A brij^ht, cloar rryntal of nxlium 
snlphit*' in a f*'w f.«'. of diMillfnl wator in a lout tulns 
ami mM a fo\v <lropH of hariitm rhloriclo ^i<»lution. 
TIoti' will ho a w liito prooipitato of harititn milpliito, 
Xh,.S< )Ao( 'h r= 2 Na< '1 4* HaSf >, ; 

\(\i\ a fow <lroi»Hnf hytirorlilorio tho pm'ipitato 

w ill «li.H.Hi»lvo \\ itli «‘frorv»'s<‘oiu'o. 

HaS(),-f2 IK’l = !I,S(>,. 

Now a<M a hw ra . ttf rhlorim* wator — a pormanont 
wliito will slowly form, tlio sulphurouN 

ariil lu'inf; oxidisojl hy tin* <hlorino to Hulpliurir 
wliifh a ]in*tij»itato of harium milphato^ 

iiisoluhh^ ill ljy»lro( lil<»ri«‘ m i-l. 

11 0 4-<’l. = n,S<h.f 2 Il<1; 
II.S(h+iwM, = HuSn,^2 lU’L 


Sr.riioN XIV. Soi.rnru Tuioxiok. 

Exp. 1.- l*ropan‘ n littlo jilatinisiMl jiHlx stoH )iy dipping 

a*«lM st»»s \\o«»l ill a sii’tifij; ^olulioIl of plal inir olihirido, 
allow it to soak wolh and thon into a atron^ 
Mdulion of aiinnoiiiiim olilorido. 'riiiM action canHCH a 
]trcoipitatc of tho douhh* amtuonium [datiiium rhJorido 
*to >»f deposited in tio* lihrcH. II«*at the w^t rnaMH(aftot 
rcimo'in^ from tin* ammonium chloride) in a water 
oven until it is <piite dry, ami then over thit natcfnl 
HuriH<>n flame until no more w hite fumcHof atnriKminm 
chloride are «'Volved. The anheNloH will then he 
<^Mtted with a thin lay^r of finely-divid«sl platiriiini. 
l>niW' out one end of a pieee of lianl ^hiHH tufiitig 
of alHMit i in. diameter in the hlow -pipe flame and cut 
it off in the narrow |M»rtioii. Make the tulxj about 
9 in. long, anil fit the w ide end w ith a cork, lioro tho 
cork and fit into it a narrow^ tufa?. Place the platiniaed 
r. St, rra€. Oksm. 
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aisbefttos al>out half way along the tube. Fit up a 
wa«h-bottle, ns nliown in tlie figure, with a cork 
tliroiigh wliieh tliroc* tuhoM puHK, two nearly to the 
tlie other juKt tlirough the cork, cxmnecrt one 
long tulx* to a wiuill gas lioJchT (containing oxygen, 
and th(* otln^r to a Kiiiall niilpliur dioxide generator 
(containing, iriHtead of C(»|i|M*r, s(Mlium sulphite. To 
<d»tain sidphur dioxide, allow a little oxyg('ii and 
Htdphnr dioxid(' to laihhle up togeth(*r through 



sulphuric acid in tlio waHh-lM>tt]e, and then to pans 
through the tul>o containing asltestoe. Nothing 
will l>e noticeil. Now heat the portion of the tube 
ooutainiiig the asbestoH by meaus of the Bunsen 
burner. White clouds of sulphur trmjeide will be 
aeon streaming from the narrow opening. When the 
dioxide and oxygen are heated together in the 
presence of idatinum tliey unite to form the trkixido. 
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Noto the suffocating smell. The reaction in repre* 
Ncnted hy the e<|uation =: 2 SO,. 

Otmnoct a sinal! dolivcry tiiho to the oontmctwl end 
of tlio hoat<Ml tulio hy inoaiiH of a short pi<H‘o of 
iiidmnihhor tuhin^, and pnas the white fumoH int^i a 
little diHtille<l water «‘<»ntainHl in ii Ntitall heaker. 
After live or ten minuteN, aihl a f<*w dr«»pH i>f liydro- 
chlorie arid, and tlien a f«»w drops of hariutn chloride 
solution. A white ppt. of harium sulphate will he 
proclnocsl, showing that Hulphurie acid wjch prescuit. 

II, 04 . 80 , = 11,80*. 

Exp. 2. — ^Tako a siiiall stoppe^red n*tort and iiitrcHluco 


about 1(1 c.v. of NordhauNen Hulphurii* arid. This 
oontainN nhout 30 pc*r cent, of frc»e Niilphur trioxido 
in Holution, which is readily driven off on heating. 
At the oncl of the niH'k place a fluHk as a rcs’eiver, 


and h»t a gentle 
Htroam of cold 
wat<‘r trickle 
over it to kei'p 
it ccM>l. Gc’iitly 
float the rf»h»rt 
— donso white 
fuinoH of the 
trioxide will ho 
ovoIvchI^ and 
wdll condense 
as wdiite silky 
needles in the 
tlask. Place 



of the 
trioxide in some 


Fiff. 20 . 


water, a hissing sound ensues and sulphuric acid is 
produced. 



SULrUUIlIC ACII). 

Rbction XV. — Sulphuric Acid. 

Exp. 1. — Preparation. — Fit up tho apparatus as shoe’ll 
in tho fif^uro. It c^msi^ts of a flask of about fivo litres 
oapiaitv fittod with a oork provided with five holes 
thnai^li whi<di pass tubes deliveriiifj^ — 

(1) Sulphur dioxide, (2) N it rie oxide, 

(.*1) Steiiin, (I) Oxyp ri from a pisholder. 

Th<» fifth hole is provide<l witli a tube opening 
into the* air. 




Pass Hiuue sulphur dioxide, nitne o.xide, steam, and 
oxygen into the flask, then shut off the steiiin supply : 
erystals of nitrosulphonie arid (lead eliamber crystals) 
may be St M 'll to form. On clearing the flask of re<l 
fumes by a currt'iit of cixygiui, and then iwissing in 
more' steam, tlieso m^stals w ill dissolve with the ©vo- 
lution of red ftuues. The li(|uid condensed in the 
think may be tc^stinl for nulpliuric acid. 
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Properties of Solphnrio Acid. 

Exp. 2. — Sulphuric when concent nil4Ml han 

affinity for water. IMace about fifty c.c. of watt»r in 
ti ainall flask and pour in about ten c.c. of strong sul- 
phuric acid, ki'ejiiiij; the lapiid MirnMl. Not«» the 
great evolution of h«*at. 

Exp. 3. — The atlinity of sulphuru* aci«l for wat<*r is so 
great that it cun abstra<*t it 4'ven from its ctuupoumls. 
Oino .sugar b^r instance is a compound of carbon, 
hydrogen, and (►xygen, the two last eleimuits lM*ing 
pn*s»»nt in the .sauM* prop<»rtion as in water. Mak»* a 
few c.c. of a v< ry strung sulutiuu of sugar in a 
beaker, pla<*e the b«*aker in a saucer, and pour into 
the syrup about twenty c.c. of conc4-ntnit' d sulphuric 
acid. The latter will i vtrmt the hy«lrogen and 
oxygen in the fnrni of water and immense 
Volumes of (arbon will be disengaged. 

(\dI,On 11 Up, 

Exp. 4. — I >ip a iiiatcli-stalk into strong sulphuric acid. 
The whiti* wood is almost immediatelv blackened. 
^\• ood is of similar < ompovitiiin to sugar, and on 
treatment with the strong acid tin* watc-r is partially 
•withdraw n atid carbon hdt, as show n by tin* c harring. 

Exp. 5 . — Ihlute a b’w c.c. of the strong cu id with about 
lc*n time's its volum** nf water, ami writ*' with the* 
sedation, using a stiek, eui a white* shee-i of paper. 
TIotc* w ill be- ne» appuiont eh sign. Now warm iM buc* 
the* fire* e»r burne r . 'I'iie- e|« sjgn ail) gra<lna)Jy 
bc'ceane* ilarke*r until it i^ e|uiie' blae k. 'FIk* la itfing 
cause's the* we ak aeid tei I»»se' wate r alal see be*<*eail(' 
stroiige*!’. Tlic* ceeiK'* ntrate el ae iel tla*n attackH tin* 
[M41KT, taking the water ami leaving airbon — tlu? 
chniTfMl design. 
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Section XVI. — Carbon. 

Exp. 1. — Place a few Hplinters of wood in a test tube of 
liard glass and lieat strongly, keeping your thumb 
lf)OHely fixed on thc» end. Test tlie gas with a lighted 
match. After some time it will bum with a bright 
luminous flanu^ — it is the chief constituent of ordinary 
coal gas. Observe that an oily brown liquid distils 
up the sides of the tube. Test it with a piece of 
neutral litmus paper — the jjaper will be reddened 
showing tluit the lic|uid is acid. The black residue, 
aftfT continued heating, will bo fairly pure charcoal. 
Many substanc.es which contain (‘arbon, when heated 
out (d contact with the air, h)S(‘ their vidatile com- 
ponents and leave tin* more inert carbon. 

Exp. 2. — Heat a pie<re <»f bone in the same manner. It 
<diars, showing that carbon is present ami gives off a 
pungent oil. The resi<lue after continue<l heating is 
a vi*ry impure form of carbon krniwn as bonr black. 
It has the valuable projierty of absorbing various 
colouring matters from their solmioiis wlnm they 
are boiled >\ith it. 

Exp. 3.— Various substances containing carbon bum in 
an insutlicieiit supply t>f air with a smoky ih*me. 
This is the sourc'e of that form of carbon known as 
lamp black. lMa(*e a little oil in a small dish, apply a 
light to it, and lower a cool white plate into the 
bright sim»ky llame. A bhu'k dejsisit of impure 
carbon will be obtailusl. 

EsfU. 4. — Cane sugar is a V4*ry <*onvenient substance to 
list* in tin* pr<‘|ianition of pure carlmn, lw*c^ius<> of tin* 
ease w ith which it can Im dis'onqsitnsl by sulphuric 
acid. W«* luivo already allud<xl the great oAinity 
which exists betwinm wat«‘r and sulphuric acid. 
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Mako about 100 graiuiuoR of supir into a thick 
syrup by dissolving it in ii small ipmntity of hot 
water, and place it in a deep ^hiss cylimh'r, then 
pour in alnnit 100 c.c. of con(*cntnit<Hl sulphuric nchl. 
Presently the liquiil will blacken timl froth t'onsider" 
ably, and a muss of black chartMuih much more btdky 
than the supir originally taken, will Im» fc»rnuHl. 
Wash this thoroti^hly with wat«‘r till fre«‘ from acid, 
and tliere n^mains carbon in a j^ranular, aniorplimis 
i^mdition. lly dryiiij^ this, and then Inattin^ it in u 
stream of chltjrim* to reimive hydrop*n or other pises, 
u very pure speciiii4*n of <‘arbon is cditaim^l. 

Exp. 6. — Compare spcciim^iis of clmri'oal and p’uphib*. 
Cdmnuatl is bhu k ami dull ; paphil<* is pev, ami has 
a metulla; lustre. Try the streak, by >M'itin^ im a 
pie<*(? of while paper with each. ( harcoal leaves a 
dull bla< k mark like ordinary artist's crayons, whilst 
p*apliit«* leaves the brij^ht pey line eharaetiTistit^ of 
blm-k lead ]»eneils. 

Exp. 6 . — Colleet two jars of oxygen in the manner 
deM'ribe<l in Section I., K\p. 1. Tlace a piece of 
charcoal on a dethi^ratiii^ spotm and ipjnite it by 
Jieatiiijj;; it in the Ibinseii flame. Lowt-r it into the jar 
^ of f»xyp‘n. It will burn vip»roiisiy with bright 
M'iiit illations. Jteumve the spomi, and when the 

jar is co«d, Jidd about ott e.c. of th ar lime-water to 
the <-<mtfnts, and shako. 'rie* limo-ualer viill be 
r«*nd«'r*sl «piit«' turbid ov\iii;if to the formation of 
insoluble caleiuiu carboimt#’, imlicatiiijjif the presi'tice 
of the pis carbon dioxide. ^ If larp* <*xcesHof carbon 
dioxifle is presi’iit tin* white turbidity may re-iliswilve). 
Now reiH‘at the ex|N'riment, usiit^ puphite iiisbTud of 
charcoal. You will lind that the praphite is v<*ry 
diihcult t<i ipiite in the s»> um* the iiioutb 





blowpipe. When the graphite glows brightly, insert it 
’(juickly into the second jar of gas. It will bum 
more vigorously, but not nearly so brilliantly as the 
charcoal. Remove the spoon, and test with lime- 
water as before. The same turbidity will bo 
produced, showing that grai)Mte is composed of tlio 
same element as charcoal. In a similar manner we 
tan show that diamond is nothing more nor less than 
tarbon. 

Exp. 7. — Take a narrow tube about 18 in. long and i in. 
diameter, and H(*al off one end. Clean and dry it, 
lill with niorcury an<l insert in a small basin of 
m<T(mry. Now hll it with dry ammonia gas by 
mc'ans of the api>aratus deserilxMl iti Section VII., 
Ex[). 2, liHiiig a htnmg solution of ammonia instfxul 
of th<‘ mixtun* (»f ammonium chlorid<‘ and lime. 
Kxjm'I all the air from tlu‘ apparatus Ixdore (-(dhurting 
any gas. Heat strongly a few pieces of woo<l 
chan^oal (preferably < «H<>a-nut charenar;, ami a piece 
of graphite, in a small c-rucible tilled with sand. 
When <M)<d take the graphite ami allow it to rise 
through tlie mercury into the tube. Nothing will 
occur. N<iw insert in the same way tin* piecQ i»f 
chariHial. Kupitl absorjUiou of the ammonia will 
take plaiM\ the gas being coiidensi*d in tlie pores 
of tin* charcoal, ity iiMUg a few pieces «>f the 
freshly ignited chan*tial, tie* gas if pure can b<* almost 
wholly absorbed. Other ga.s« s behave in the s.ame 
planner, notably h\ dnichlorit* acid, sulphur dioxide, 
sulphuri'tted hydn*g»u, nitrous oxide, and carbon 
dioxide. This property i.> not i»ossess*sl by graphite 
OT diamond. 

p. 8.— The ubsi»rption t»t gases by chariNtal is pridmbly 
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' due to its porous character. This is also the reason 
of its action on dilute solutions of colouring matters 
and other substances. Dilute solutions of strychnine, 
for instance, can be dej>rived entirely of that substance 
by boiling with freshly prepared animal charcoal. 
Take about a qu^rter of a litre of water and add 
indigo solution until it is of a dark blue colour. Now 
a<ld about five grams of animal charcoal, boil for ten 
minutes, allow to settle for a few seconds, and then 
pour through a paper filter. The filtrate will be 
quite colourless, shewing that the indigo has been 
entirely removed. Re2)eat the experiment with a 
solution of blue litmus — it will b(‘hiiv(* in n similar 
manner. Graphite and diamond do not deeolor/so 
lhes(» H(»lutions, but boiu! black, being c'lpcciully 
por<»us, possesses this prop(wty in a greater degree 
than tiu' ot)i(‘r forms of amorphous c:ir)»on. 

£xp. 9. — Mak(^ an iiitimat<« iiiixtur** of alMiut a gramme 
of finely-pn\vden*d oxide of lead (lilharg**) with 
about oiio-t<'nlli its weight of charcoal, and heat to 
redness in a hard glass tube, or poreel.nJi crncilde, for 
live iiiiiiutes. Now throw some of tin* jM>wd« r info a 
mortar with a little water and laib it nj>, using 
^wes.siire, with the pestle, and tla ii wash away flu' 
charcoal hy means of a stream of WMt» r. Pelh'ts or 
plates of metallic h ad w ill be «»blain« d - 

2 rbo -f- (* =: ‘j rb 4 < ’( t,. 

Exp. 10. — Jlub tngotlar in a sniall rnoriar about a 
gramme of Idai k c»»pper oxide, and about au oigliih 
of that amount of tine ( hari oal. Mi\ iitfimaitdy ^tiid 
plaee in a te*.t tube. Fit the tubi> with a cork and 
delivery tube, the lattcT bent twiee at right urigh«H, 
so tliat it can be tlippisl into clcfir lime-water con- 
tainr^i in another test tube, Ifeat tlie tube rvuitaifiing 
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tho cop]>or oxide in the Bunsen flame. At fint air 
will bubble through the liquid, and then a gas which 
turns it milky. This latter is carbon dioxide. Heat 
until no m<ire gas is disengaged. Remove the cork 
and delivery tube, cool, anti shake out tho copper 
oxide on to a piece of whiter paper. Note that it is 
of a miub lighter colour than the original copjwr 
oxide, this difference b<*ing due to the presence of 
redm-ed copper. l*la(*e a little in n test tube and add 
a few c.(r. of dilute nitric acid. R^nldish fumes of 
nitric, p(*roxide will be evolved, the cop|>er reacting 
with the nitric a< id (see Section X., Exp. 1). What 
a<'tio!i has cupper ojude «m nitric acitl V 

Sk(tion XVII. — CAHiiox Monoxide. 

Exp. 1.— Fit an iron gun-barnd with a cork at each 
end, and pack it tightly with pieces of chan’oal of 
tin* size of a nut, holding them in their places by 
means of hiose plugs of asbcst»>M. Thnaigh tme c4>rk 
arrange a delivcTv tube leading to a small pneumatic 
trough, and througli the other cork a tube conmM!te<l 
to a wash-l»ottle containing water, coniUH t the yrash- 
Isitth* by means of another tubi' to a gas-holder filh»<l 
witli carbon dioxido(as slmwn in the tigure), or with 
a (‘arbon tlioNide gein'nitor like that tlesiribiHl in 
StH’tion Will., Ksp. 1 . W nip pieces of wet hlter 
jiaper around the ends of the iron baiTcl near the 
^ corks, and Hf*e that they are kept moist. Heat tho 
liarrei to bright retlness by means of a small tube 
furimce, and pass over tin* chumiul a slow' stream of 
carlaiu dioxide. Collect a jar of tlio gas at tho 
trough, and cover the mouth w ith a plate. IHteonncct 
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the carbon dioxide a]){mratuA, and apply a lijfht to 
the jar of gaH. It bums with a bliiiHli Hanio^ but 



Tl. 


d<M*H not allow tho tapor to burn in it. The guM in 
eurboii iiion»»xi«l<-, 

£xp. 2.— About 20 gruiiiiJlOh of <'rvf*t/ilJizHl ojalic 
aci<l are ])Ut an eight-oiiri«*o llai<k provid<Ml with 
tliihtlo funnel and d»*Iivery*lube, and aa iniieh concen- 
trated sulphuric acid oa w ill cover it. Heat is applied 
steadily until effer\'f»«cence beginn, and in then 
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moderated so as to secure a reg^ilar and not too rapid 
evolution of the gas. Collect over water, avoiding 
any em^ape of the gas, as it is very poisonous. The 
reaction which takes place is — 

cool! i + ‘ 

The Hul[>huric a<*id roinove.s the elements of water 
from the oxalic acid without itself undergoing any 
chemical change. 

Exp. 3. — Pour lime-water into a jar of the gas, and shako 
up; the lime-water will lM*come turhid owing to the 
formation of calcium carh<inat<' — 

ViiO 4" ('()a = CaCO,. 

The ])r('s«*nce of carl»on dioxido is thus indicatisl. 

After the (*xp<'rimeiit has been perfomuMl, it is 
well to hum the gas rather than let it escape directly 
into the air. 

Exp. 4. — Po\ir a few <*uhic <(‘ntimetn*s of caustic soda 
into a jar of the gas and shake up well, the carlsui 
dioxide will comhiiie with the caustic soda, forming 
sodium carhonatc' — 

2 NaOIl + = Ntt,(X). -f 11,0. 

Bring tln> mouth of the jar under water, the water 
will rise, and it will he seen that uhout half the 
volume of the gas i« left. This is the curlHUi mon- 
oxide. Tran.'<fer some of this gas to a smaller vt^Hsel 
hy divaiiling it over water, and sliakt' up with lime- 
water ; no turbidity will be pnsluced, the carlnm 
• dioxide having hi*en remt»ved. Now apply u light to 
the gas; it will burn with a Isaiutiful hlue lambent 
Hume. When tin* (omhustioti is finished, again sliake 
up the vessel, and marktHl turbidity will then be 
pwaluml, showing that carlwin dioxide has again 
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appeared. The carbon monoxide ban united with 
oxygon during the pnH*oe« of ooinbuKtion, with the 
formation of carbon dioxide — 

2 (^o 4- (), = 2 ro,. 

It may also ]>e neticed that carbon monoxide d<ieM not 
itself siipjKirt combustion, ft>r if, whilst it is burning, 
the lighted tnj>or bo jdunged into the vchmcI, the flame 
will be extinguished. 

Exp. 5. — lieinove the carbon dioxi<ie from a second jar 
of the coUo(;ted gas, and then decant int<» the jar 
sufficient air to fill the vessel. 

Wo have now a mixture of e<jual volumes of carbon 
monoxide and nir, and if, after ^lllowing tlu» gases to 
stand for two or three minutes to mix |>rop<*rIy, the 
mouth of the jar be behl truvards the flame of a 
liunsen burner, it will be seen that carbon monoxide 
and air form an ex[doHive mixture. 

Exp. 6. — (Virlsin nuuioxide can be prepared quite free 
from carbon dioxide, liowfVCT, in several ways. Heat 
a little e<»arsely powdered Potassiuin ferrocyanifle 
with a few e.e. of eoneenfrated suiphuric acitl in a 
test tube. Gas w ill be evolved, which can be shown 
to }»e caib<»n monoxide by Bpl’iymg a light. It will 
bum with a blue flame. liefore doing this, however, 
we can show that carbon dir^xifle i« absent by pa.Hsiiig 
the gas into clear Iiim*-wat«‘r. 

K*Fe(*.N, 4- 6 + b 11,0 = b ('<> -f 2 K,HO. + 

FeSO. 4- a (Nil.), SO, 

Exp. 7. — Hfrat a ftiw' jii^s os of iKitassiuin formate ^^ith a 
fc?w c.c. of strong sulpburif; acid in a test tube. Gas 
will be ovolvwl ns in the previous cidm?. Test it first 
for carfam dioxide f>y |aissiiig int^i Hme-wnb^r, and 
then for cnrlam monoxide fiy applying a light. It 
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will burn with the flame cliaracteristic of carbon 
monoxide, and will not render lime-water milky. 
KUCO, + Tla«04 = KlIiSO* -h II,f) + CO. 

Exp. 8. — Hy pfiHHin^ Hteum f>v<'r fttrongly heated charcjoal 
W'o get a mixture of iponoxido and hy<ln)gen 

whirli iH known aH water (jan^ and is often use<l on a 
large ectah' uh fuel, llorea hole of about i in. diameter 
in th(^ bottom of a larg<' elay erueildo by meaim of a 
Hharp file, and fill it with pi<‘(*eH of eliareoal of about 
the Ki/e of a nut. Cover the orueiblc with a similar 
on<», inverted, and also perforated. Fit a small H 07.. 
flank with a cork and delivery tube bent iipwartls, 
and with its (^nd drawn out to a fine point. Place 
some water in the flask ami keep it gently boiling so 
that you have a line jet of steam. Now turn the 
}ilow-pij»o flame into the lower hole of the crucible 
and heat the eluircoal to redness. Kemove the flatue 
ami direct the jet of steam into the crucible. A 
mixture of hydrogen and carbon monoxide will escape 
from the top and can lie lit by means of a lighted 
taper. 

llaO -f C = CO + H,. 

Exp. 9. — (Carbon monoxide, by virtue of the fact that it 
iKuiihines with tjxygen fonuing carbon dioxide, wicts 
as a gotsl reducing agent. Take the tube iisod in 
preparing sulphur tiioxide (Section XIV., Exp. 1) 
or a similar one, and instead i»f asbestos place in it a 
tliin layer of iH»p[H*r oxide. Connect the c<»rk<Hi end 
with a wash-bottle containing a strong solution of 
jMiustic soda, and that again with your carbon 
monoxide generaU>r. Hetit the oop{>er oxide gently 
and pass a slow stream of the monoxide over it. It 
will be gradually reduced to reddish brown metallic 
coppm*. Ton sliould of course first see that all the 
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air is driven out of the apparatus. That carbon 
dioxide is produced in this nmetion can l»o shown by 
passing tlio gas, after leaving the cj)ppcr oxide, into 
lime-water. The lime-water will bin*ome milky. 

OnO = CO, -f Ou. 

Exp. 10. — Oiiprous chh>ride, wlien dissolves! in liytlro- 
chloric nerid, possesse^s the propi'ity t»f dissolving 
carbon motietxide. Dissolve copper oxieb* in hot 
dilute hydrochloric iic.iel until no mon» will dissolve. 
Pour off the clear liquid after allowing thc' tindisH<dv(Ki 
oxide to settle, and boil it with some of the rtnlucml 
c<ipjier prepannl in th<* last experinumt. (\)rk it up 
in a bottle to keep it out of conbict with the air. 
Next collect a tu!>e full of carbon monoxide, which 
has been separated from tli© carbon dioxide !*y means 
of caustic s«Kla solution, by decanting from a larger 
vessel in the pneuiinitic trough. Pour in about 20 
c.c. of your acid solution of the cuprous chh»ride, 
close the mouth of the vessel lightly with your hand, 
shake well, and open under wjitor. The gas will 
dis.Holve in the cuprous c;hh»ride, ff»rniing a compound 
with it, and ivator w ill be sucked in to take its place. 

• 

SbcTION XVIII. — (?AK»ON Dioxiok. 

Exp. 1. — Preparation. — (’arlsm dioxide is most con- 
viently prepares! by acting on a i*nr!>onate with dilute 
mineral acids. Take a WoulfTs laittle (a stemt glass 
bottle with tw*o narrow' ncHjks) and charge it >dth 
about 50 grammes of marble, broken into pieoea of 
the size of a nut. Fit Uio bottle with two tightly 
fitting corks, and through one introduce a thistle 
funnel which will barely touch the bottom of the 
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hottln M hIiowb in Fig. (28). In tlio otlior cork place 



a delivery tuho l»enl twice at right angle.s ho an to 
make three wideH of a rectangle, one end junt dip])ing 
h(*low the cork, th<' other almost reaching to the table. 
If the gas iH re([uired free from hydrochloric acid 
it nuiHt first be passed through a wash-bottle con- 
taitiiiig \vat**r. l*laco about 50 c.c. of water in the 
apparatus, see that all joints are tight, and add a 
little dilute hydnichloric acid (made by adding an 
CM|ual bulk of water to strtmg acid), lirink efferves- 
oonce will ensue, carbon dioxide lieing evolved. 
Collwt the gas by downward displacement of air, 
jilacing the jars under the delivery tul>e, and covering 
with grtaised glass plates. The jar is full when a 
lighted match Indd at the mouth of the jar is 
extinguished. Note that the gas thus c4>Ilectod is 
oolourleae and witliout taste or smell. 

(MX\ + 2 Ha = CaCl, -f H,0 + 00^ 
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Properties of Carbon Dioxide. 

Exp. 2. - Kill a lurj^f lirakt'r t»f thiM'-o «»r lour litn»H 
rajuirity. liy ilounward with rarlKiii 

tlioxiih* wliifli has 1 mm‘|i ItuhhltMl thro(i;rh «a!»T to 
loiuovo hvdi'orhlorii arid, arid u ta|M‘r iiilti 

thop4*%; it \N ill hr iiiiuird iut * I \ tV\ H H^M i'»hfd. Now 
iirtat'h a NM,i|i-huhhh‘ rhnrj 4 ^«*d ith air iiitn tho hnikt^r, 
and it will hr fuuud (•* l!«»at ou tin* siirfaio of iho 
lioaviir rarhMii di»»\idr. '!'h«* drijsity aiul othiT 
projiorti**'^ of ih** jja** may furtlwr l*«* illustrat«Ml hy 
jMMjrinj.: it o\rr a li;.ditrd randlr, and thus ('\tiii^tiish* 
ill)' it. or hy ladiiti)' out tlo* ^'as with a .smaller 
la akor, and show iu):: thr |trrM !u‘<* of larhoii dioxido 
in th»* hrak< r hy itn rxf ini'tiinhiii)^ a tajM*r. 

Exp. 3.-« To a frw i uhir « ontiiurtroH of liiiu* w iilor add 
ffuir or tivr tiiiirs tiir \oiuinr of disfillrd wat«*r, and 
jiii.xs a stroaiu of carhoti ilioxidr fhroU)'h tho clour 
liquid. At first a turhidity is {iiodiK-iMl, owiiijf to the 
formation of citli iuiii carhonato 

< ’a lift ; -f ( ’< 1 . cr: t’af'n -h 11 th 
t ontinuo to |»ass th«' pis. and tho liquid will hf»coino 
quilo c loar a^ram, hmuiso wo havo now' carhon 
dioxido in solulion in tho wator. Ihvido tho clour 
liquid into two |Hutions, and hoil 4>no portion fora 
littlo tiino; to tho ((tlo r add a volumo of limo wator 
fH|uaI to that oripnally takou. In oaoh caso tho 
turhidity first notiofsl wdl ho n- prod mod, sinoo in r^arh 
cas«’ wo Imvo p»t rid of tlo* ovo*— s of carhfui dioxido; 
in tho first caso wo o\|Kdlod if hy boat, in flio 
Ms'ond wo addi'd stifficiont limo to oomhino with it 
to form calcitiiii oarhonato. 

Exp* 4. — a htri'aiii of ciirlHin dioxido thiough u fow 

cubic C4*utijuirtrf‘s of wutiT to wliich soiiio drops of 

/*. Af. 1*1 Uf. 
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litmUH wiluiioD havo boon added, and note that the 
litniuH asHumofl a claret tinge ; contrast this witli the 
effect of adding litmus to water containing a little 
hydriKjhloric or sulphuric aci<l. Notice also that by 
iKuling, th(^ carbon dioxide is exp(»lled, and the litmus 
assumes its original colour. A solution of carbon 
dioxide in water is, tliorefore, v(*r\' unstable, and 
|)Ossossed of a feebly acid character. 

Exp. 5. — Pass the expired air from the lungs, or carbon 
dioxide (wasluHl) from marble, through a slightly 
alkaline ])ink solution of phenol-phthalein, — the pink 
liquid becomes colourless. This change from a pink 
to a colourless solution may bo used as a means of 
indicating the presence of carbon dioxide. 

Exp. 6.— Simple proof that carbon dioxide contains 
oarbon. — Although carbon dioxide has been shown 
by Exp. 2 above to be incnjaible of supporting the 
combustion of a candle, it can be decom|>osod by 
some few substances which have great alHnity for 
oxygon. Miigitesium, sodium, and |K>tassium are 
metals of this nature. Take a strip of magnesium 
ribbon abcmt 9 in. long and scrajK* it well with a knife 
to remove magnesia. Hold one end in a pair of 
crucible tongs and ignite the other in the Bimsen 
flame. Insert it immediately into a jar of carbon 
dioxide. It will continue to bum bnlliantly, white 
oxide of magnesium and carbon doing deposited on 
tlie siiles and floor of the vessel. In order to see the 
carbon moro plainly, dissolve away the magnesia by 
• means of a little dilute h^^drochloric acid, and filter. 
Black s|MH:ks of charcoal will be left on the filter paper. 
2 Mg + (Xb = 2 MgO + C. 

lEf.7. — Carbon dioxide ia fairly soluble in water at the 
ordinary temperature, water dissolving its own 
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volume of ga« at 15^ C. Take ouo of tlio jarn filled 
with the gas, iiitnxluco alKiut 200 c.e. (»f eolci water, 
place your haml .tightly over tlio tnoiith and idiiike 
well. There will bo Htn>ng sueti<»ii on the hand, sliow- 
ing that gas lias hoim abst^rhinl by the water. ()|H?n 
the mouth under water, the lUpiiil will rise in 
the jar. 

Bzp. 8. — Sliako up in u similar manner a jar of the gas 
witli dilute solution of caustic wwla, anti mpitlly bring 
tho mouth uxidtT water and optm it. If the gas is 
pure tho vessed w ill imiiUHliately fill w ith w'at(*r, tho 
caustic soda combining with the carlion du»xido ti> 
form sodium carbonate. 

2 NallO + CO, = Na,CO, + H,0. 

Bzp. 9. — Pass carbon dioxide intt) a sidution of caustic 
so<ia until the litptitl is saturatctl, and then ova|Mirate 
dowm to dryness on a water- bath. A residue wdll Ik» 
obtained consisting of tho monohydrate<l normal 
carlninato of soda, Na,C(J, . 11,0. 

Bzp. 10. — Test for carbonates. — Add tliluie hyilro- 
chloric acid to tho milid carbonate, or to an mtuiHiUs 
solution of a carlxjnate in a test-tube. An oiler- 
foscoDC4} will bo obscTvet], and, on decanting tho gas 
downwards into a second tube containing lime-water, 
and shaking up, a turbidity will 1>o prtsiuced in 
tho lime-water owing to tho formation of calcluui 
carbonates 

Bzp. 11. — ^Tako tho liquid remuiuiug in the geiioraio^at 
tho doso of £zp. 1. £va|s»rate it tii dryness in a 
poroohiin basin. The white isilid w^hich is obiaiiuxl 
is calcium chloride. Ifissfilve a little in water anil 
prove that a chloride is present by the silver nitrate 
teat (See Bectioii V., £zp. 7). 
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SwTioN XIX. — Flame. 

( Flame. — Whoiiovor u gus or vajKiur in brought into an 
atuiofnphoro with \^hich it can react (4ieniiially, and the 
heat generated iM aufficiont to bring about iiicandcHcenco of 
the particlcH, ilamo ia juikIuccmL The lieat in generated, 
and the inwindcHccmce efToct<*d, in the region wliere the 
reaction is carriisl on, that is, at tlic surface wlioro contact 
occurs between the two gasr^s, as is seen when a jar of 
hydrogen burns moutli d<iwiiwards. Wlieii w'o speak of 
hydrogen or coal gas as being a (^^mbustiblo gas, and of 
air us being the supporter of combustion, w o imply that 
hydrogen or coal gas, w hen onc<* ignited, burn.s in air. And 
in Humes under ordinary circumstarujes tliis is th(* case ; if, 
however, we w<»ro to lead a stream <»f air from a jet into an 
atmosphere of coal gas, the llame would attacdi itself to the 
jot, and might be described as air burning in coal gas. In 
cither cuso the flume marks the surface of contact betw een 
the air and coal gas, and is the region 
where the clu*miial changes take 
place, which transform the hydrogen 
and carlnm in the coal gas into water 
and carbon dioxide ns ultimate pro- 
ducts. • 

— Fit into the bottom of an 
oitUnary lain]) chimney a cork 
through w hich passt^s a short 
ph'i'e of st might wide tubing, 
and a w*eond narrow* piece bent 
at right angles as shown in 
Fig. 2*1, and connectinl with 
the supply of viml gas. Close 
the a|}erture at the top of the 
chimney, and allow the gas to esca|H' by the straight 



Fig 24. 



tube until tlio nir is displaecnl, then light it tt 
tho low or oxtrornity of this tube nw\ utuwor tho 
ni>orturo nt tho t4»p of tlio ehiiiinoy. Tho llnmo will 
thon [mss up tho tiibo tuiil attach itsolf th<« initet* 
<i|Haiing wlua*o tho air and coal gas tlio nanio 

arim boing air And tho surruunding attiir»Nplior«« <Mial 
gjiH. Tho gas ostajaiig at tho t«»p of tho fliininoy 
may als<» bo ignitod, <MitnlaiMtion ooourring in thi> 
m'tiiimry tiiannor. 

In any (mso boforo flamo can bo proilucod at all, tho 
tomporaturo (»f tho ooinbiistiblo body must first roacdi a 
certain limit known as tho point of lyat/ioa. This fompora- 
turn varios with difTt*ront bodies; tho vapour of earbon 
bisul[diido may bo ignited by a glass rod heated (»nly t<i 
150^^1 uhibt with hydrogen or eoal gas a dull rod heat 
(600"X\ ) is insullu iont. (’oiiversely, a flame in extingtiishod 
if its temperature is by any means rotlueed bidi»w the [H>iiit 
of ignition of tho vapours eonsumoil in it (see Kxp. d). 

£xp. 2. — Hohl a piec(» of wire gauze (about thirty meshes 
to the inch) horizontally over a liimsen burner and 
nlsMit an inch above the 
oritico (Fig. 2o). Turn 
on tho gtm and light it 
^ on tho upper side of tlui 
gauzo, tho flamo w ill imt 
bo eoiuinunicatrsl to the 
stream of gas on the 
underside of tho gauze. 

Much heat is carried oil 
by tho gauz(«, and tho [mrt 
of tho flamo in c<mta<H with tho gauzo whoro it iiumts 
tho upward current of gas, is so far t^sdod in eon* 
quence of this that its tom[ioraiuro falls below the 
point of ignition of tho gas. 
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Exp. 3. — Light t)io HunBen burner and deproBS the gatuse 
into the flame. The cold gaiiKo will «ionduct away the 
heat from the pf)rtion of flame in eontactt with it, and 
low(*r itH temperature below the ignition |K>int of the 
gan, whieb will now only bum below the wire. 
Aft(*r a liiiK' the gauze will also become heated if no 
specbil precaution is taken to 
keep it cool. When it becomes 
quite red liot, the ignition point 
of the gas is reached, and the 
flame will strike through and 
burn above the gauze again. 

Exp. 4. — Make a piece of the wire 
gauz(» into a cylindrical roll and 
place a candle within it. Now 
diriH't the flame of a Bunsen 
burner against the outer surface 
of the gauze; the wax may be 
melted, but the candle cannot 
be liglited unless the gauze is 
heated to redness. The reason 
for this will bo gathered from 
Fig. 26. the explanation given in the 

previous experiment. • 

The Dapff Lamp (Fig. 26) is such nn arrangement, in 
which an oil lamp is shut in by a layer of gauze, and even 
if sudi a lamp be entirely surrounded with inflammable 
gas, this will not become ignite<l, altliough tlie inflammable 
gas which juisses thnmgh tlie gauze may bum inside it and 
flU tjie s]uice above the oil lamp with flame. If, how- 
ever, tlie gauze laxHUiieH strongly lumted, or if the flame 
should be imndianically driven through the moshee, oom- 
munioation with the inflammable atmosphere outside may 
be establislied, and ignition will tlion take |daoo. 
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The eandle flame. — Tho inflammable matter in a candle 
is the wax or tallow, consistinj^ OKsentially of carbon and 
hydni^^n. This is ineltinl ronml flic wick, which becomes 
charged and servos as a still. frt>m which the vii|H»urs of 
hyilrocarlams are Kiq)j>li(Hl into tho area iinmodiatcly sur- 
rounding it. That siu^h an area exists containing coin- 
bustible vnjKJur may easily be shown. 

Ssep. 5. — I>epreKH a sheet of stout jmj»er quickly into a 
(uindle flaiiie to tho level of the top of the wick, and 
hold it stea<lily thcTo for about a second. On with- 
drawing it, n ring of scsity d<qK»hit will be seen, 



enclosing a clear area. HfS!findly, take a glass syphon 
tube, as shown in Fig. 27, and bring tin* shorter limb 
into the centre of the flatrir*; presently yellflwiiih- 
bromi va|siur8 will be sram t^i pass down tho tube 
and issue at the other en<l. Tliese vajamrs will bo 
found to l»o inflauimable, and may Iw btiitti at tbo 
exit of tho tube*. 
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Exp. 6. — Mako a short coil of stout cxippor wire by giving 
it Imlf-rt-dozcn liinis roiiml n picH*o of glass nsl alniut 
5 in. in. ill an<l wi that only a small space is 

h»ft l^'twcfii one coil ami the next. Hring the coil 
into the upper part of the liiiniiioUH /one of a c^imlle 
Hanie ; the Ihinie will become smoky : if it bo 
quickly cleprcHHCHl to the levi*! (if the whk, the flume 
loses its luminoHity, nml imlec»(l may be extinguishrsl 
ultogc^ther. (\»j»per, )»eing a goo<l conductor and 
radiator, carries off heat and lowers the tom|>oraturo 
to such an (extent that the ]»article» no longer main- 
tain the whit(? heat \vhi<-h imparts the luminosity to 
the flame, and the combustion is rendered so 
inc<miph?te that (!arbona<‘eous matters esc4ii>o coin- 
biistion and ]iaHH off as smoke. The vn|Mmr8 
may in this way be cooled down ev(‘n below their 
|Niiiit of ignition, and the flame is then extingiiislKsl 
altogether. 


Skition* X. — DiFFrsioN of (1asf.s. 

The ])articl<>s of gases possess a much gn'ater freeilom 
of iiu»tion than do those of liquids or solids, for the 
excui^ions which they may make are confintnl in the 
case of the latter to th# spac<» cHtnipitnl hy the liquid 
or solid itsfdf; in the case i»f gu.s<‘s, however, the 
extent of these <»xcursioits is only limitinl by Uie walls 
of the vessid in which they are contaiiuHl. Furthermore, 
if tke w‘h11s are Uhisi* and o|hui in textun*, tliat is, 
porous, then it is |K>ssible for the gascims iiartides to 
|iass tlirough them. 

Sxp. 1. — A st4»ut glass collecting jar of about one quarter 
litre c^uiteiU is IiUihI w tth hydrogen and held steadily, 
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mouth dowuwartla, for throo or four tninutOH. A 
lighted tai)or ih thon hnmght into it, and it will bo 
ftniitd that instead of the gas burning (|iiietly, as 
j>urc hydrogen does, then' will he an exjilosiiui. 
This shews that, during the period of ex)N)Hun\ the 
lieavier air partiAes havi* ilifTused into tlie jar, tin* 
explosion being due to admixturi^ of air willi tlie 
hytlrogen. 

Exp. 2. — A tM^nms cell such as is used in voltaif* hatteries, 
is fitted witli an indiartthher stop[H*r, and a glass 
tube about half a met<*r 
lung, furnished with a 
bulb, is passed thr<nigh 
the Httipper ; this is 
bent and drawn out 
into a j«^t as sliown in 
the figure. Jlefore 
inserting the cork, fill 
the bulb and lower 
part of the tube with 
wattT. Now' pliu;e a 
beaker filhsi with liy- 
drogen over the |K)rous 
•cell, and the water 
will bo immediately 
de]iro6sed and driven 
out of the jet in a 
fino stream. This is 
evideni:^! that the light Fig. iS. 

gas hydrogf*n passes through the walls tub# the 
porous cell more quickly than the air is aide to 
|ias8 out of it. A grtmU^T volume fif gas colU»cts 
within the space of the cell and tube and forces the 
water out before it« 
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Ezp. 8. — Do a similar experiment with the arrangement 
shown in the figure below, in which it is possible to 
observe, by bubbles passing tlirough the water in 
the bottle, that air is finding its way into the porous 
cell through the glass tubp. In this case the cell 
containing air is surrounded with carlwn dioxide in 
a beaker. Under siuh farcunistances the air diffuses 
out of the cell more quickly than the heavier gas, 



Fik. ‘ie. 


oarhon dioxide, isunses into it. This tends to produc’io 
a |iartial vacuum wiUiin the i^ll, and air entm in 
bubbles through the liquid in the bottle. 
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Blp. 4. — ^Repeat the last exporiment, using oxygen 
instcHul of carbon dioxide, an4l note that in this casi* 
the biilibles pass in inueh more slowly, and altogether 
a much smaller Awdumc* of air is re<|uin»<l t^» restorf» 
ec|uilibrium in the cell. 

The relative densitie.s f»f the gases eiiiployetl in theiilMive 
cx|>eriments are — 

Hydrogen, 1, Air, 14-4. Carbon dioxide, 22. 

Oxygen, 16. 

The greater the difference in density, tlie more rapid is 
the diffusion. By measuring the amount of different gases 
which diffused through a portms plug in a given timc^ under 
like conditions, Oniham found that the relative raUn of 
diffuoion are intereely proportional to the equare roote of their 
demitiee. Thus in relation to air — 



I 

^ dUonty, 

VttlodtT of 
diffuMon 

Density of hydrogen = 0‘069/) 

= 3.792 

3*830 

„ oxygen = 1‘1043 

= 0*961 

0*949 

„ carl Kin dioxide = pfilHO 

= 0*812 

0*812 



DFrECTION OF A OA8. 

liowor a lighted taper into the gas. 


TlIKaAM IflIONrTKI). 


!TffEOA8I8WOTI«NITKI» TIIK OAS 18 NOT fONmin 


HjH, CO, H. 

1. It htirnH with a 

viiry )>iihi hlui* Hum' 
ami a of Mui> 

phiir in on thu 

of the jar ntU;r 
th» ootiihutition. 

Tho gns wiM 

lalpharstud 

hydrogsn. 

Confirm hy now 
letting for 8()j with 
KaCH)4 pipor. 

2. It burnt with a 
bright bluo ilium' and 
rH> Hulphur it do- 
(MltitiHl. 

INiur clour limo. 
waU^r into Die jnr. 

'11n' limow'utor it 
turn<Hi milky. 

3. Tho gat w'RH 
OArben moaozidt . 

The gut burnt 

with a noJirly non- 
IttminoiiN flame and 
after combiittion 
Umowater it nut 
tumtxl milky by the 
retulting ga» 

ITje gaa wiw 
Kydrofta. 


BUT THK TAI'KR CON- 

rtnVKH TO BURN. 

O, SJK • 

The, t‘i|K'r >nirnH more 
brightly than in uir. 

'Hio gat it O or N .^0. 

Withdraw the taper 
qiiii'kiy ho that an little 
air in adniitU'd an poH-, 
tible, or if another jar of’ 
the gat it at hand, ute 
it inHt4*ad, for tho ful-; 
lowing t<‘Ht. 

1, 'rakeajareofibiitiing 
nitric oxide ga.H and place 
it mouth to mouth under 
Water with the jar of gas 
to 1 m' examim’d, and mix 
the gatet. 

Iti'd fumet are pro- 
ducuii. 

The guH it 

OzygSB. 

2. No nnl funietaie wnm 
(except a little due to the 
air admitUxl if tho first 
I jar is umnl). 

The gas is 
I miMiii ozidf . 

I 3. 'niebiprbumH with 
;U Hiuoky flame. 

I The gUH in 
1 Chloriiis. 
i ('hlurine in maily 
<'ugniNod bv its gn^en 
cuhiur and irriUting 
odour. 


AND TBK TAI'KR 18 KX* 
TINOriSlIKD. 

Nila, Sfh, NO, IICI, N, 

f’( K. 

Smidl the gas caiitiouMly, 
Nlhtand SO* have ehami'- 
teriHtic (hIoiu-h. 

1. I/taveapi<x'Cofrixllitmuii 
p.'iper, pn?viouiily doinpiaiy 
in the jar for fhiino minutes. 

nio jwiix'r is tiimod blue. 
Tho gas is 

Ammoais. 

2. Pour a little dilute solu- 
tion of KMuO| into the jar, 
if the Holiition is doouloriwid, 

*1*1 .. : . 

Balphur diozids. 

3. K(*d fumes are formeil 
whenairisiidmitUd to tho jar. 

'I'he gas is 

Hitris ozids. 

1. r«»ur wimo clear lime- 
water into the jar. 

'i'he limewater is turned 
milky. 

'Hie gas is • 

Czrboa diozidz 

•*>. Leave a pii'ce of Idue 
litmus j>a|H*r, previe 
ilamtH'd. in the jar. 

1 m* p.4|>er 
'Hie gas is 

Kydroohlorie wid. 

0. If the gas answers ^ none 
of the aljKive tests, it is 


11 ttuae than one jar of tho gns is at hand, confirm the above testa by 
performing aoine of the experiments with it detoibed in Utiq^ 111. 



( HAlTKli IV. 

KXJ*KR1MKNT8 ON THK AtTION OF UKAT, WATKIt, ANI» AOll>.H 
ON SOMK FAMILIAil HrilHTANCKS. 

Tiik following ONpcriiuoiitH iir<* arrnngc‘<l for the* |mr]M)(»«» 
of training tho jK»\vorH of o)>Hc*rviition, and coii- 

flrruing his kno\vlodg(« of f‘ortiiin iin[M»rtaiit (du'inicail 
|»roc<*88f‘8. Accurate notcH nIiouM he tak<ut, rec<ircliiig tho 
foctH observed, and tlie equations repreMenting the reaciiotni 
carefully worked out. 

Exp. 1. — In a dry test tula* placi' about two graininoH of 
oxalic acid and ad<l ratlu^r more than an equal 
quantity of conc4*utrated Hulpliuric acid. Nothing 
happens apimrently in the cold. Fit the mouth of 
the tu>»e with a c<irk and delivery tube ; the latter 
#}a>uld )>e bent so as to fiiakf^ t}ms« sides of a r^sriuiiglo, 
one side being much shorter than tin* opposite one and 
passing jii.Ht lM*neutb tin* c*#rk. In ain»ther t**Ht tulm 
place about five c.e. of elenr lime water. Heat the 
mixture of oxali<r arnl sulphuric aeids g<*fitly over a 
Bunse n ; tin* crystals disvs^dve and then give off gaa, 
with a ff'rtuifi uiiioiint of efh*rvesi*«*fice. If gf||ptlo 
heat is u}q»li<sh the* evolution ttf gas will be qiitU* 
steady. Buldde u litlh* of the colourless gas through 
the luue water. The latter will las^oiaij quite milky. 
Wiuit doea this indicaU.* Y Now remove the cork and 
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tube and a])ply a lightc<l match to the mouth of tlio 
tost tube. A beautiful blue flame is obtained showing 
tluit the gas bums. But tlio match is extinguished 
when pushed into the tube ; the gas does not siipjKirt 
combustion. What (H>mmon gas, burning in air with 
a blue finine, are you ac^juainted with ? Wliy do w© 
tost with lime water before applying a light, rather 
tluin after 'i 

Tht) folU»wing equation (explains the reaction : — 


(K)OII 

ajoii 


C0+(:0,+II,0. 


Oxfdit* Hfid. 


Exp. 2. — Take a dry tt'st tube of the same diameter as 
that usixl in the jirevious experiment, so tlmt tli© 
s<une c<»rk and dtdivery tube will do again. Place in 
it a few crystals of the re^ldish comjsmnd, ammonium 
dichromate, tit the cork and deliver}^ tube, and heat 
gently. Suddenly a brisk agitation will be set up, 
the larger red crystals rapidly disintegrating intti finer 
green jMirticles with increase of volume. A gas is also 
ovoIvchI whidi is colourless. Bubble a little through 
lime water. No luilkiness is prislueod. Komove the 
ix>rk and test the gas with a lighted match. Tho 
gas does not bum, nor does it 8up}>ort combu&ion. 
It has neither taste nor smell. What i?ommon 
ocdourless gas has these pro|>ertiesy Examine the 
curious griHm |H>wder left in the tube. Is it soluble 
in water V Is the ammonium dichromate soluble? 
Tho iH^uation of the nm'Uon is : — 

(NH*UVA = N,+4ll,0-f CrA. 

Ainnuuiium Chn»imum 

dicKntumUi. suKiuiuxide. 

Bip. 8 . — In a UMst tube phux^ about half a gnuumo of 
red lead, add about five c.c. of iairiy oonoentraied 
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hydrochloric acid, and warm gently, keeping the 
thumb loosely covering the mouth of the tube. The 
air in tho tube is gradujilly rc^ploiuHl by u gns having 
a greenish ytdlow colour. What gases are yt>u 
aoipiainted witli, which liave this c‘haract(T ? Moisten 
a strip of io<lide-^ftareh pa|>er ami bring it to the 
mouth of the tube. A blue colour is prtMluctHl, 
What substance has the blue colour, and wliy is it 
pn>ducod ? Moisten a piece of litmus paper and 
insert it just inside the mouth of tho tube, but alsive 
the level of the liquid. K(»place your thumb and 
allow the gas to act thoroughly on the litmus. It 
'will be gradually bh»ached. C)bserve the pungent, 
irritating odour. Test with a lightCHl mat4'h — it is 
extinguishfHl by the gas, which does not bum. On 
allowing the li([uid to cm>l, white mssUe-HhapCHl 
crj'stals 8e])arate out, .H«ime floating on the surface. 
What are tliey V The esjuation is : — 

VhJ b + HllCl = arb(T,-h‘llI»^ >-l-l V 

Uisi k'ltd. 

chloride. 

Szp. 4. — Heat stnmgly in a dry test tuln^ about a granmie 
of barium p<>roxide, and ]iiiss ilu^ involved gas into 
clear lime water by imaiiiH of the delivery tulm. No 
ftirbidity is pnMluecd. Ittmiove the tjork and tost the 
gas by means of a iighteil mutch. The gas does not 
bum, but the match wlien thrust iuUi the gas bums 
much more vigorously than before'. (^VdhH;t more? of 
the gas by liKisidy closing the mouth of tho tube with 
tlie thumb, and Wst with a gh^wliig spliiit45r. It at 
oue«5 bursts into flume, however fet'ble the s|iff!rk. 
What is tlio gas evolved Y The ts|Uutiou is : — 

2 But la = 2 BaO ^ O,. 

Itttriufu Ihirium 
peruxids. nioiauuile. 
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Warm with dilute hydrochloric or sulphunc acid 
a little of the original peroxide, and then some that 
has been strongly heated. Do you notice any 
difference in their behaviour ? 

Exp. 6. — To a few crystals of sodium sulphite contained 
in H tube, add a few c.c. of (Elute hydrochloric acid. 
Brisk effc^rvesconco takes j)lac(3. Smell the gas. Do 
you r<‘cogniso it? Moisten a small piece of filter 
papfT witli a solution of potassium chromate ; it will 
]k‘ stained a faint y<‘llow. Bring it into the gas ; it 
is changed to a gr<Mm, in<H('ating the presence of a 
strong r(Hlucing agent. What is the gas? The 
equation is : — 

Hodiutfi Sulphur 

sulphite. diuxidu. 

Exp. 6. — Mix together in a small mortar about equal 
quantities (»f twdid amtnoniuiii chloride and (|uickUiue. 
Phic<^ the iM»wd«»r(Hl mixture in a dry tube and heat 
g«»utly over a Buns(*n flani<\ Do you r<*<’ogiiise the 
smell of the gas evolved? (’lose th<* mouth of the 
tube with th(' thumb and coU(H*t a little of tln^ gue; 
test it with a light(Hl mut<th. The gas may bum witli 
u yellowish dame, but it extinguishes the iq^tch. 
Moisten a jiiecu* <if nnl litmus pajH^r and briug it to 
the g»iH. It is rapiiMy tum<*d blue, indicating that 
the gas has u strong alkaline eha meter. Rciikjvo 
the stoppt'r fnun u InUth' of liyditMrhlorie neid and 
bring it opismiu* the nuntth of the tube. Marked white 
^fuiiH's are pnahuM'd, showing that the liydns’ldoric 
acid rtMiets with the gas. What is tht» gas, of alkaline 
c1iarac't(T, which jsissi'sses the pro|W‘rties detailed 
above ? The equation is : — 

2 Nll.a -I- CaO = 2 Nil;, + CaCl, -b H A 
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Sip. 7. — ^FHI a tesi iabo to a depth of half an tnoh witli 
hlack antimony aulphide, and mid about 5 e.e. of 
hiiiiy concontratofl hytlitKdiloric aoiil. Wanu gently. 
An offonstve aiuoll ia notioml, roaoiubUng that of 
rotten egga. Apyly a lightiMl match to the gaa ; it 
buma with a pale blulah (lame, and depoaiU a 
yellow Hubatance on tiio aidea of tho tube, hut the 
mateh ia put out. Place a drop ot Ituul lUictab^ 
aolution on a jiiwe of filter |Miper and allow the 
gaa to come in nintact with it. It ia rapidly 
blnrkenod. What CHihiurlenH goa |HiHHeHHea theae 
propin’tic»a ? Wlmt in the yt»ilow depoait notM alnive? 
8h,H,-l-fiIlCl = •iSht’U^.air^M. 

Bip. 8. — Ifmt a few piiH’ea of copjM»r nitrate in a <lry 
tube. Note the hmw'n <5olour of the gaa cvoIvimI. 
The grc*en nitrate gradually tiiriiH hlimk aa it loai»a 
the gUH. What ia the black Mufiatanee prtKliteetl Y 
Teat the gjia with a lighted iiiut<‘h — the matc^li ia 
extiugiii»lu'<l and the gjiadoea not hiirii. What ia the 
gaa ev< d v<al Y Jh>| uat i< »u : — 

2 Cn{^i h}2 = 2 ( ’uO + 4 N< 

Bxp. 9. — Place u few [»icH*eH of calcium chloride in a t€*at 
#ul>o and c-over tliem with «*oncentraUal aulphiiric 
acid. Heat gently; copioua whit^; fiimea are evolved 
of very irritating rrlour. T«mt tlu? gaa with a piece 
of moiat, blue litmua iMi{K^r. It ia mpidly tununl 
retl, indicating the prea<*ne<t of n tirongly iu;id goa. 
( ’oIbKrt a little of the giw in tin? tube by cloaiiig the 
iii<»uth with the tliunib, and apply a light4a| mafl'th. 
Tlie match in <*.\tiiigiiiMhf*<b and the gan <ha^ not bum. 
Fit the cork and delivery tula* in tin* mouth of the tent 
tube and drive off more? of the gan. I>i[i the end of 
tho delivery tube under water. The gaa dlaaolvea 

F. m, /V«r. €a#i». H 
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and the wat<^r ritios in the tube. Wliat colour- 
le»H wduble guH lias the j»r(ii>ertie8 oljserved ? Note 
the white roftidue left in the tube. Tost it 
W'ith watcT and Sf^e if it dissolves. Is the original 
calcium chloritle soluble V Eejuation : — 

CaCl,+H,804= 2nfcl+Ca804. 

Ca](;ium Calcium 

chloride. sulphate. 

Bzp. 10. — Mix a little black oxide of copper with about 
a sixth part of its weight of charcoal in a small 
mortar. Heat the mixture in a <lry test tube fitted 
with c-ork and ddiver}^ tube, and j>ass the gas evolved 
tlirough a little ch*ar lime water. The licpiid is rapidly 
tuniCHl milky. What does this show ? If passed 
through long enough, the gas will gnulually re-dissolve 
tlio presapitate which cauw^s the milkiness. Why? 
Test tlie gas with a lightoil match; the match is 
extiiiguishod. After heating strongly for some time, 
shake out the contents of the tube into a mortar. 
Observe the change in colour. Kub well with a 
jK'stle and note tluit some of the jmrticles can be 
readily bumisliiHl, and have a distinct rod colour. 
To a jHirtion of the changiHl jwwiler add a few drops 
of dilute nitric acid. Bed fumes are evolved. ^ What 
arc they? W’ould cop[ier oxide behave in the same 
manner if similarly treated ? What is the action of 
tlio earlHin in tliis reaction? The equation repre- 
senting the nmotion is, 

2CuO+C = 2Cu+CX),. 

Bxp. 11. — Dissolve a lump <if sugar in the least [lossiblo 
qUfUitity of w ater, add thri^^ or four tittups the bulk 
of strong sulphuric acid, and warm slightly. Tlie 
liquid rapidly chars, turning black. W^hat eon the 
blaekiuung be due to? Pour out the frothy mess 
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into a basin and note the stdid bltu^k Hulmtnum* which 
has Wii [mKlucuMl. What is it? In wluit nohiblc 
jHiints does it diflcT from the supir originally tiikcnV 
What is tho action tlio sulpliuric iicid on the 
sugar ? 

c„H»ori = 12C+n II, (X 

Exp. 12. — Heat a few piocos of thin asinc foil in a tube 
with about 10 c.c. of fairly (H)U(M‘iitratiHl caustic tssla 
solution. After a short time l»ri8k otlervi'mMUice will 
tiiko place. Test tho gas, whu^h is ctalourlcss, by 
|>as6iiig thniugh clear lime water. No turbidity is 
jmxluccMl. Apj>ly a lighted match. The gas ex- 
tinguislu^s the* match, but itself bums w ith a faintly 
luminous Bamo. Has it any smelly I*/[uation : — 
Zn+2Na01l = Na,Zui),<f H,. 

Exp. 13. — Roughly pow'der a piece of pfiDissium ferro- 
cyjinide, place in a test tufM», and add <loublo tho 
bulk of (‘on(*eutnit<Ml sulphuric a(‘id. Heat gcmtly. 
Elfervc’wence takes place, the giis fwwdviMl being 
coh»urleM.s. Pass a few" bubbles thremgh (dear limo 
w’ator ; no turbidity is pHsluctsl. Test w ith a lighbsl 
match; th<^ gas bums with a brilliant blue liame. 
^Vhat is it y In what resptH'ts do«m it dilTer from tho 
gas obtained in Exp. 1 V The rr^uedion is somewhat 
complicated. 

K4FcC,N.+ 6 11,0 = 2K,80,+Fe80* 

+3(N]l4),8O,+0CO. 

Bxp. 14. — Powder about rH^ual protHiriious of |M»tassiuiii 
nitrate and ammouium chloride together in a mortar, 
dissolves in th<« least |s>ssihlo cpiantily of water, and 
htmt g(mtly in a t4ist tuls^ A colourless gas is 
steadily evolved. Puss a little inUi lime water — ni> 
milkiness is produced. Apply a light to the inouih 
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of tlie tube— it is exting:uifih€Hl and the gas does not 
burn. Also it has no taste or sinell. The reaction 
is the same as if wo hod heated ammonium nitrite. 
Ec^uatiou : — 

NH4NO, = Na+2jIaO. 

Bxp. 16. — Heat a few cr}'8tals of potassium nitrate 
(“ sttltiK>tro**) w’ith a few c.c. of concentrated sul- 
phuric acid. Note the irritating fumes, with their 
faint rcKldish wilour, in the tube. The faint reddish 
tinge is due* to oxides of nitrogen, the presence 
of W'hicdi distiiiguislieH the fumes from those of 
hydrcMihloric acid. What va|K>ur can it be ? 
liquation : — 

KNO, 4 . 11,804 = KH804-f UNO, 
rdtitiwium Nitric 

nitmto. acid. 

Exp. 16. — Mi.x together about e<|ual i>ro|H)rtions of iron 
tilings and yt*llow *‘llow<*r8 of sulphur,** ami heat the 
mixture strongly in a test tulK\ Suddenly the* mix- 
ture will glow strongly, showing that si»me reaction is 
taking place. Wlnm the mass is c<»ol, hn^ik it up, 
and place in a fresh tube, A<ld 41 few c.c. of dilute 
hyilrtK'hlorii^ aci«l and warm gently. A gas of offen- 
sive smell and taste is evolved. Test with a llj^hted 
uiatib; it Imms w^lth a |)ale bluish flame and 
de|K>sits a light yellowisii jxiwder on Uie w'alls of 
tlie tube, but doini iu>t allow the match to bum in 
it. Tt»st tlie gas witli a puHio of lead acetate |)a|K*r ; 
^ the piiH^r is iinuKHliabdy bhickeiuMl. What gas is 
iiidicaUHl by ihf>8i^ tests y The n^ictions are rt»pre- 
mmUHl by : — 

Fo+8 = Fe8+211CI = FeCi,.|-HjS. 

Ffjmus 8iil|iliitivll«Ki 

ttttl|ihidc. hydrogen. 
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Bxp. 17. — Pour a fow clrojw of monniry a to«t tulx^ 
and mill a fow e.c, of ronoontrat«Hl Hulphurto nidU. 
Warm grailually; aftor a nliort tiiiio will lu* 
ovoIvihI, Tost with a ; <lio niat4*li will 

Im> oxtin^uislKMl and tim will not hum. Not«» tlio 
l•llur;U!tor^Mlie tjinto and miiioU. T«‘mI apiin witli ti 
• of |>otaHHititn c?ln*omato papor. Tho piqw'r will 
h<* turrirxl Aftt»r tli«' r<'a<*tion a white* Huhnlanro 

will HOttlo fmm tho liquid. WImt is it? 

IIg + 2 II, SO* = II|<S0*+2 Il/>-|-SO,. 

Mt'i'f'iirit’ Hiilplaiti*. 

Exp. 18— Mix a little* Halt with about lOO <*.r. of wator. 
To obtain puro wator fnuu tho mixture, fit up 
tin* apparatus uh hIiowu in tho fij^uro. I'hu'o flio 
niixtiin* (»f salt afi<l wator in tin* flask t*oriiii*<*t(*4l fo 
a l,io!iijr lundoiiHor, tliifiiig'h tin* oute*r tiibo eif wlii*’h 



Fijf. 30 . 


a Htroaiii of eidd wator in paamsl. Itoil tho mixturo : 
the water iH driven off aa abairii, wdiieh piuiMea into the 
oondenaer, whore it w liquelioe!, and tlio pure water 
imMlueofl runa into the llaak placed to receive it* 
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Tho salt remniiiA in tho hnntocl flask. Tliis process 
is called dintillaiion. 

Exp. 19 . — Mix intimately about equal portions of 
HUfj^nr and sand. To separate the mixture into its 
wmstitueiits ag^ain, first place tlie mixture in a 
small beaker, and add water as lonj; ns a 113* dimiuu> 
lion cHreurs in the bulk of the sr>lid. Fohl a small 
filter paper, platM^ it in a small {^lass funnel ami ix)ur 
on the cl(«ir liquid from the insoluble sand. Collect 
tlie filtrate in a small basin and evajKirate it almost 
to dr^'iioss on a tripial. When almost dry, allow' the 
basin to cool. Ci^’stals of sugar will separate out. 
Now' w’ash the sand b\’ decantation several times 
W'ith a little water, and finally' jMmr it ujv>n the filter 
paper. IMaoe the funnel, filter and sand in a water 
oven until diy'. The stuul can then lie remove<l. 
Thus bv combining the' priMresses of Jiltra- 

fton^ and enfHtnllizat ion^ we have refM)vere<l c»ur original 
substances sugar and sand from the mixture. 



(iTArrHU* V. 

81.MrLK Ql'ANTITATIVK ICXrKUIMKXTH. 

On Weighing. — In j»orf<>nniiig tho oxporimontH to }k» 
destTibod in tho f<»llowing pagOH, \\v hIihII find it nocOHM«i*v 
to weigh lu'ouratcdy 
Homo of tho sutmtant'os 
which take part in tlio 
roaetionH. Tho (luan- 
titioH u»(h 1 are, oh a 
rule, Hiiiall, hono<‘ tho 
no«l for u more dolirato 
balance* than thoHo uhhI 
hitherto. A beam in 
|K)ised at its centn* on 
a knife-cnlge, and haw 
at each end a Himilar 
knife-cnlgo on which in 
balanco<l a pan. When 
tho balance in nf»t b«*ing 
used the beam and pana 
are Hupi»orUMi on r<*»tH, 
but w'hcm we wi»h t<» 
w^eighy wo place tho 
object to Vkj woighetl on 
one imn and the w^eighta on the other^ and by gently itim- 
ing a metal axle (geuenUly provid<!<l w ith u milicxl head 
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and pla<;od bonoath tho pillar of the balance) cause the 
long needle attiichc«d t4i th(» beam to swing across a small 
ivory scale. If the ncMnlle swings t(» jKiints at equal 
distances from thf» zero of the sitale, the object and tlie 
weights artf of (M|UuI mass, and th(^ prcM^eHs of w<*ighing 
lias been aecomplislKsl. Our first *busin<*Ks is to see that 
the necHllff swings (H|ual distanc<*H from the zero of the 
scale wh(*n the pans are uuloa<led ; to ensures which the 
screw at tlio end of the right arm of the bc^am must bo 
adjusted if necjessary. (In some balances a vane is attached 
to the newllo, by moving which to the right or left weight 
is addml to the corres|M>ndiiig |K»rtion of the beam.) As 
a rile this adjustment should only be made by one with 
some practiced knowledge of Uio balance. Having proved 
the balance to b(' in equilibrium about its zero reading, we 
places the <»bje4tt t<» be w<'ighe<l on the h\ft ]>an, taki* the 
hirg<ost wtaght from tlu' box, and phus* it on the right pan 
(using a juiir of f<»ix?eps). Ne.\t we turn the axle 

an<l allow tln^ biuim to swing. TIk^ necnlh' pn>bably moves 
at on(w> to the h'ft and shows no temhmey to swing bHc;k. 
This indicates that the right jian is t<M> heavy. Tiy the 
next weight, rt'phunng tin' first. At length we shall find a 
weight whit4i is t<M> light, tlu^ one b(>fore it having been too 
heavy. Keep the light >veight still on the |ian and ^plac^e 
Iwside it tlie iu»xt Hiualler one. If these art' Um heavy, 
rtmiove tlie smalh'r tmt* and try still smaller ones in sutxM's- 
sion. We shall gradually work dt>wn fn»m the gitimiiies 
to the detagrummes, then to tlu' eentigramiium and finally 
to the milligiummiHt. As wo get to the smaller weights, 
we qtust allow the netxlle to swing once or twiiH' to tJUch 
sidt* bt»fort> taking th<> n'adings. (If we read first, say on 
the left, we must take the Hfjri reading on the right.) At 
last w^e shall find that a certain weight on the right }iaa is 
too large, whilst a millignuuiue less makes it too small* 
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The actual weight obviously lies between these, but for our 
pur|sise it will be siifiirieiitly aetninite to take the wtMght 
which gives the iiear<‘st appiNsic^h to (Hjiial swings on <nieh 
side of the zero. Now we eount up tin* graniiiM* weights 
on the |>aii, write tin* total down, then the decigrantiin's, 
centigniinnies, etc., in r»r«ler. Having written down tin* 
weight <if the objfS't, we restore tin* w<*ights to the Imix, 
c;h(H;kiiig them over to see if the total agrees with the 



Fig. 32. 


weight w*e have noted down. This pn*<*atition is veiy 
neccfssary, espisrially to beginners — it prevents inaiiy 
erroneous weighings whieh would simply undo all the fither 
wrork of the ex]K*riinents. Artieh's with any li<|iiid attaelnsl 
to tliem should never Ik* plinMsl on tin* jams; hNsa* sub- 
stances should always be weighisl in glass 
beakers, watch glassies, et<*. ; im crucible, tube, etc., sliotild 
be weighetl when hot. It is ail visa b]r» to have a miuiU 
camel-hair bnisli for nuitov'tiig dust front the |iatis and 
weights. A pair of forcejis is usually [trovidisl w ith < 
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box of weights for lifting them from the box to the pan, 
etc. Woiglits should never bo lifted with the fingers. As 
the student becomes more practised ho will bo able to save 
much time in weighing, by choosing a weight wnnewhere 
near that of the object instead of ^working down from llie 
largest in the box. 

Determination of the amount of water of crystal- 
lisation contained in copper sulphate. — Take about 20 
grammes of ordinary (;opper suljduite crystals (‘‘blue 
vitriol**), jMiwdcr in a mortar, and then dissolve in the 
least cpiantity of Imiliug water. Filter tlie hot solution 
through a small filter paper placetl, if possible, in a funnel 
surrounded by n steam jacket. Allow the clear liquid to 
run into a (slean porcelain basin surrouinl(*<l by (^old water, 
and stir it rapidly with a glass r«Hl. Fine crystals will 
separates out. l*our off the inotlier liquor and pliu^e tlie 
fine w<'t p<»wd(*r on a watch glass inverted in a small 
funnel, in order to diain off as much of th<> liquid as 
possible. (This van be greatly at^celorattHl by connecting 
the end of the funnel with a small water pump.) Press 
the dniinml (uystals between blotting pajwr, tuniing them 
frcH^uently. Cliango the blotting paper and after pressing 
well and turning, leave in a warm rcMUu for sr>mo hours. 
Heat a small portcluin crucible, cool it in a desiccatbr, and 
weigh. Add now Rbi>ut j^lf a gramme c»f the tine ci^'stals, 
and weigh cuirefully again. The differemw betw«»en the 
W'oighings gives us the amount t»f ciystallized t!opi>er 
sulphati' taken. PlmH> the crucible and contents in an air 
oven providcnl with a tlienuometer, and by regulating the 
bufner, heat up the <iven until tlie thermometer remains 
fairly atijady at alaiut llO^C. After it has remained at 
this temperature for alamt half an hour, raise the dome of 
tlie burner until the tempi^rature is about 2<‘W)®C. Keep it 
fairly steady between 250^^ and 260^ for about twenty 



gnCPLE QUAHTITATI'VK EtPEEMBUTS. ■ 


107 


minutes. Take out the crucible, place it in the desiccator 
for fifteen minutes and weigh again. Place again in the 
()ven, wliicli should bo still at 250 — 260^(1 and hoat for 
niiother quarter of an hour, cool as before, and \vr>/g/i. If 
the two weighings do^not differ by more Ilian 1 or 2 
milligrammes, we can assume that all tlu' water has been 
driven off. The diffcTonce between tli(' s(‘e<md and last 
weighings gives us the amount of water eontaiiied in the 
weight of siiljdiato taken. 

1. Weight of (rnicihh* 8‘fj7‘2 gnns. 

2. „ „ „ -fCnStV.'illjO 018.1 „ 

Cop])er 8ul|ihate taken *.'>11 grins. 

1. „ „ „ M 

4 „ 


Water driv<ai off IHO ,, 

511 jinrts eontain IHO of water/, 100 contain .10*1. 
(Theoretically 100 shouhl eontain .'M>*0}. 

Determination of the amount of iron contained in 
ferrons ammonium sulphate. — Wlien (certain erystalliue 
bcnlies are dissolves! togethiT in watiT and allowinl to 
crystiiUmf out again, it is jMissible to obtain ('ly stals i>f a 
substance (ontaiiiing CMjual numbers of inolct'ulcs of the 
roiqiectivo suhstauH^s onginally taken. Thi^se nuiqilex 
bodies are often teniuHl “double salts.*’ Ferrous ani- 
inoniutu sulphate issuch a double salt, Fe,'NHi),(H< 11/), 
formed by the union of ferrous sulphut4% FeHOi.? H/), 
and amiiiouium sulphate, with the eliiiiiiia* 

tion of one niolc^fule of water. Take ulsnit 50 graiftiium 
of good ferrous mdphate cn*stnls ami 25 gmmnies 
of ammoniuin sulpliaU* — mix w ell and jsiwder in a tiioiinr, 
then dissolve in the U^ast |s>ssible€|iittntity of iKiiliiig water. 
FQter into a clean Imsin, oliserving the same pnsxittiions an 
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in the previous oxporimont, drain the fine crystals and diy 
hetw<»on blotting? pai)or ns then? dosc5ribo<l. TIio substance, 
if kept in a wcdl-stoppoml brittle in the dark, keejm much 
better than h'lToUH sulphate. 

IffMit, cMioI, anil \v«ri|^h a small {lorcelain crucible niwl 
lid. Add about •;! — * I of a graiifiiie of the dry substance 
prr^parorl above and weigh (*xa<;tly again. The iliff(*r<»nce 
is the weight of sulphate taken. Place the crucible on a 
pijieclay triangle, so adjusting the lid that tliere is a very 
HTiuill ojRUiing between it and the e<lgo of the crucible. 
Bring under it a small Bunsen fiauir^, fi-^ing the triangle 
about (lin, above. Heat the contents of the crucible 
gTaduall}^ so tliut no spurting tsicurs from the sudden 
e.\[ianHton of the watm* in the crystals. AVhen the greenish 
crilour has disaiipearod, being r(»pla(*(Ml by a dirty white, 
increase tlui supply of gas slightly; white fumes will be 
shiwly <’Volved, due to the estiais^ of th<» ammonia and 
sulphur trio.vi<le, (.>n mon* strongly heating the white 
(Hilniir will be replacrsl by a brown, showing that the 
femms sulphate is being <ltH*omiM>HfHl, leaving reddish 
bniwn ferric oxide. Il«ait up to bright r«Hlni^, remove 
tho lid so iliat tlio contents of the cnuablo can boeoiuo 
thoroughly oxidustMl, an<l continue the heating for aliout 
ten minutes. OkiI and weigh. R4>peat tho heati^ lor 
another ten minutes, c(m> 1 and weigh again. (Of c<iur8e the 
lid slioultl alsti be strongly he4iteil in order to decompose 
any sul[ihate that may have been spnrttsl on to it.) If 
tlie w'eighiiigs do not tlilTer by more than a milligraiiuiie 
or so, wo can ussumo tliat the (^\|H*ritueut is coiiiploted. 

I'he differiuieo between tlie first anti final weighings 
gives us the amount of ferric oxide present, i^ths of 
tills is the atuouui of iron eoniained in tho sulpliate. It 
should amount to 14*2 theoretically. 
4F©(NH4BO4)4.6U»O+0,=ahV>,4^8NH,+88O,d-l0BA). 
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1 . Weight of crucible 4-lid 1 4*562 grins, 

2. „ ,, „ ,,4-8ulphato 15*091 „ 


ISiilpliute taki'ii *562 griiiN, 

3. „ „ 14*668,, 

»» ?i It tt ti 14*6i0 ,, 


Ferric* oxide • 1 08 

Amount of iron prenent = x * 1 08 = *075 gnus., i.f, 14* I"/.,* 
Detsnnination of the amount of silver contained k 
silver nitrate. — Take a }»ulb tube* of c'oiubuHtion gliiKH 
similar to that deHcribcMl on ]). 2, about six iiit*h(*H in 
length and about jj t»f an ineh in diaiiietei*. Wash it out 
cai*efully, and dry it. (This can be done by luxating it, and 
slowly sucking a cuiTent of air through by uieiiUH of a 
stniight piec^e of narrow gliiss tubing.; Take scuuc* c!y*MtiilH 
of silver nitrate, jMiwder them, and pi*esH w«*H between 
blotting jMipc’r to rc’inove any wiitc*r whicli may bf» incbidtHb 
Now carefully weigh the bulb tube, and ad«l abemt 1*5 
graimneH of the* nitrate*, taking care that none remains 
uttac^hcxl to tlie outside <»f the tul»e. W<*igh acc*urati*ly 
again; tin* difference* is the* amount of nitrates tnl«*n. 
Wrap a jncKe c»f filter paper naind the up]H>r jart of the 
tube, mnd fix the tiilx* at this part in a c*Iamp stand, Hc» 
arrange it that the tills* is in a slojang iMmiticm. Itring a 
small Bunsem tianic* under the? bull) fwh<*re the* nitnite 
should be) and gradually h«*at it. The siibstani^^ will 
first mcdt to a clear lic[uid and them himiiM*r, giving off rod 
fumes of nitric jK*nixide* and o.xygc’ii. Ho n*gulate your 
sujiply of heat that the* df*(*ofii|s)sttiori g*K*« on cptieily aitid 
without any violent spitting. The lif|tiid will gradually 
licooiuo turbid owing to th<>* eletsmitioii of uieUilltc silver. 

2 AgNO^ = 2 Ag 4 2 N( ), 4 < 

Finally a white crust of silver arill adhere to the bulb; 
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Iioat it more strongly to be sure of oomploto decjompo- 
MtioH) and then wirofully heat the upper ixirtions of th«3 
tube to wmvort, any spittings of nitmte into metiil. Allow 
to cool and wedgh carefully. To iiiako certain that no 
nitrate reiunins unclianged, heat the tube thoroughly, 
(XK>1, and weigh again. There should bo practically no 
ilifferonco betweou tlie two weighings. 

The diifereuce botwonn tlie first and final weighings gives 
the weight of silver present. 

1. Weight of tube I0*il72gnu8. 


2. 

„ ,, ,, -f-nitrato 11*981 

»» 


AgNO, taken 

1*612 grins. 

3. 

,, „ ,, 4*Hdver 11*398 

ft 

i. 

u n n M 11-397 

f t 


8ilv«'r obtnino<l 

1 *025 gnns. 


1*012 of nitrate contains 1*025 of silver 100 <;iuitain 65*0. 
Theoretically 100 parts should contain 63*5 of silver.) 

Batermination of the amount of carbon dioxide contained 
inoaloium carbonate. — When calcium carbonate is strongly 
heatcxl in a current <if air it loses carlxm dioxide and 
}HKX>nie8 a»nv<Tb8l into caleiiun oxide or lime. This fact is 
made use of in the conversion of limestone into lime^in on 
ordinary lime-kiln. We can also apply it to tlio estimation 
of the jwreentage wtdght of carlxm tlioxido in a specimen 
of pur(3 (»irl>onat<\ Take a small ]Hntx>lain crucible and lid 
(platinum is bettiT if it can be had), clean tlH»n)Ughly, and 
heat to mlnoss on a pi]K»i!hiy triangle over a Bunmui ilame. 
Ben|t>vc the ilame and allow to cool jiartiully. While still 
warm, transfer hy means of a clean jxur of tongs h) a desic- 
itator and allow to inxd wmiph^Udy for fift4H3n luiuuUx* or 
longer. Weigh lujcniratoly, and bring into the crucible 
about half a gramme of pure precipitated calcium oarbonata, 
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hoat gently over the Bunsen flaiue, hut not t4» |Hu\^epUhle 
redness, to remove moisture, cuh»1 as before in the desuM^utor 
and weigh accurately again. The diflPen^iKM' gives us the 
weight of carbonate taken. Now jdace tlie cTueible tin a 
triangle, with the lid almost covering the mouth, but 
leaving a small opening rftir the (escape of tarbon dioxide, 
heat it up to rwlness with a Ihinst^n flame, and then 
turn on a small blowpipe flame. Gradually iniTeasti the 
supply of gas until you have th<‘ hottest flame iHissible, and 
heat w'ith this for a f|uarter of an hour, th<»n slowly 
diminish the flame and allow the crucible to c<m>1 down 
gradually. Transfer t<i the desiccator, cool for fifteen 
minutes, and again weigh a<cumtely. The <*<»ntentH will 
have diminishe<l in weight owing to tin* loss of carlnm 
dioxide, but may still contain un<le<wimiioH<sl carbonate. 
To test wlicther this is th<* <*ase or not, heat vxnvily as 
before but <mly f<#r five minutes, cool, and weigh again. 
If the further loss is <mly a millignuiime or wi w'<* can con- 
clude that all the (*arbonute is practa-ally dec^iiinwisisl. Tin* 
difForence betw'<»en the final weighing, and the W'f*ight 
of the crucible, lid, and cMinteiits, gives us the* weight of 
carbon dioxide containrHl in tin* weight of carbonate taken. 
Calculate what weight 100 parts of carlKinate would <;ontiiiii. 
It aho^d be 44 . 

Ca(;0,z=CaG-f (;G,. 

4041244s 44 

Determinatioii of the amoont of carbon dioxide oon* 
tained in aodinm carbonate. — Many carlKuiau^M f'linnot be 
dccoiiijsawHl by In^it at all readily, and <’4inse<[ueT)tly deinfind 
for their analysis wiiiie ui<*th<sl fliffi*ring fnim that iwloj^Usl 
in the last ex|H>riuiont. 8<sliuiii <?nrlM»nate is one of the 
most typical and best knowTi of t)ies4\ Take a small flask 
iiolding 150 — 200 c.c. and Imviiig a fairly w iile mouth. Fit 
It with a good cork or iudiaruhhcr Mtop|»cr. Take one of 
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those straight huib tubes known as calcium chloride tubes, 
fill it with ]>iecos of granulated cjthaiim chloride, and fit the 
wider end with a snuill cx>rk |>erfornte(l by a short piece of 
glass tubing. This latter sliould be closed by a short piece 
of indianibber tubing (^mtaining a piece of glass rod, so 
that the calcium <;hloride can be prhvented from picking up 
moisture from the air when the appamtus is not in use. 
llore two lioles in the <rork seh*<tted h>r the fiask : one to 
take the narrow end of the bulb tube, the other to take a 
shoi't straight pie(re of quill tubing cIowhI by a siiuill piece 
of r!i»rk. (A boring does very well.) Take a very short 
test tiilw’ — of such a length that it will readily go into the 
flask — and fasten round the open end a ]»ie<5e of thread. 
PhuH* in tlie flask about 60 c.c. of dilute sulphuric acid 
(alMiutoneof sulphuri** acid to four of water), replace the cork 
with its two tub(»s and iiidiarubber <^ap, place the dry test 
tube with its thread on the balance pan with the flask, and 
weigh carefully. Now pick out some bright ciy'stals fmm 
scmu' washing wida, intrcMluce about one gramme into the 
test tub(% an<l by passing tlu» thnuid through the short tubc^ 
in tlie (M»rk of tlie flask, allow the tube to dangle just out 
of ismbict with the a<*id. Fix the tlinvid in the tul>e by means 
of the small cork (whicdi should fit tightly) ami weigh the 
whole upiairatus again. The diffenmce in weight gires us 
the antount of stsla crystals takcm. Now* remove the ap|ia- 
ratus from the jam and ^ake off the indianibber cap. 
Remove the siiiiill (s>rk and lower the tube slightly in the 
fiask replacing the tswk. By tilting the fiask and gently 
shaking w«* <^in gradually <lmiiii]M»s4' our uirbonate by 
bringing small quaiititi<‘s of acid to it. The moist carbon 
dioxidt> lias all to |iass through the drying tul>e, which 
prevents loss in weight from tlie es4*a|M« of moisture. Hence 
oil wo lose is carbon dioxide. When no furilier deccau* 
position ensues on addition of the acid, lower the tube 
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bodily into tbo acid, ro|dacc* the cork, and gradually hoai 
the luittid nlmcmt to Innling on a trijxMl over a lluniion 
Imnicr. Thi« will lihenito any g»i« i1iHH4ilviHl by the li«[nul. 
To the end of the ealtnitm ehlort«le tubi' atUitdi n long 
of indifiriibber tubing and, aftor rt*uu»ving the little mrk, 
yf»//y draw air thnuigh tbe to diH|daee tbeeavlHm 

ditixide. Shut off the enUditiu chloride, by nieann of the 
indiarubber cap, frtun ('oiuiiiuniention with the ouiMttle air, 
allow the ap]airatUK t4» c-^wd, rephut* tin* «'ork, aiitl weigh 
agfiin. The differeiu’e between the H4'e<»n<l anti tinal wtdgh- 
ingH gives ii« the anitnint <»f earlwui di(»xitte etuitaiiuHl in the 
crnrlamaU*. 

1. Weight of flask *4“ titbt*H grms. 

2. ,, ,, 4- trystals /i7*.iH3 ,, 

Weight <»f eryntalH taken I *02 1 gniin. 

d. Wf*ight <»f flask -p tubes 

4- ervHtals— ( ’< r,?* Tid ,, 

Weiglit of t’O, * ItUt grtiis. 

1*02! of Na^t'OvlO ll.t) eontaiii *100 of ('<h. /. |(M) 
wtuihl e<tiitain 1 5*0 

(Thetiretieally it Hh<»uM etmtairi lo*ri^/, of 

Thin inethotl ran alHf> use<l with enhiiun earlKmate, 
UHing hydfradijorie aei<l ; h•a«l earl»onate, using nitrie lU'itl, eOr. 

Betafinination of the aquiralent of magnetinm by 
weighing the hydrogen evolyed. Tlu* (spiivalent of nmg- 
neiiiuiu iiiuy la> sliortly di'fiiuMl as that weight, which will 
replms? unit weight of hydrog<’n in one of its (virn|NiuitdM. 

A wide-mouthisl weighing Istttle of tliin glass ia flttotl 
with a mb her Ht4>p|s*r and tubes, us shown in the figure, 
and alamt 5 c.c. of water nin into it. ffne of the tiling ia 
aiuiply lieiit at right angles, and chiscsl with a short piece 
of niblicr tubing aii<! glass rf»d. The other is fumiehod 
with a bulb lightly jmcktsl with dry fibrous tislieetoii or 
giUuMi wool, an<l concerntrated sulphuric acid is introduced 

r. m. trme, l% 0 m. I 
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into its lower part, as shown, by dipping it up to its oridoe, 
in a test tube exmtaining the acid. The outside is then 
rinsed with water (from a wash-bottle), so as to remove 
any aeid fidheriiig to it. A quantity of magnesium (not 
more than 0*2 gnimim*) is iwreurately weighed and dropjied 
int4i the bottle, and the indiaruldier cork fittcnl int(» its 
plocje. Tlie whoh^ a]>])aratus is then weighed. 

Momentarily removing the glass rml, Idow gently down 
the bulb tube till abemt half the acid is expelled, and 

quickly replace the glass 
rod. The acid is acted 
upon by the metal, hy- 
drogen is evolvcxl and 
])ass(»s out by the only 
exit left for it, viz. tho 
bulb tube; the coneon- 
trat(Hl acid still rcnuiin- 
iug there serves to diy 
the grts. When the 
metal is all dissolved, 
remove the glass rod and 
tlraw a gentle current 
of air through tho ap- 
paratus, HO ns totvoiuovo 
any hydrogen in tho 
bottle, replacto tho rod, 
and again weigh. A do- 
Fig. 33. creaM> of weight will bo 

found to have CNxsurrod, 
owing to the discharge of hydrogen fnmi the apitaratus, 9 ^, 
Weight of appamtuB Imfore reaction 35-53-1 grainmoa. 

I. .. after „ 36-620 





Loss of weight 0*014 
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This is the weight of the hytlrogon evolved. The weight 
of the niagnemiuu ttikon wufi 0*1 r>8 graiuiiie. The va- 
lent of miig^emum is then — 

4>(U4 

Th«' Mjiiatiofi ropr»'s<*nting tli*' is 

+ n ,S« >, ~ MgS< >,+l 1 

Setermiiiation of the equivalent of magnesium from 
the volume of hydrogen evolved.— Take a long ineiiMuntig 
tube eloscnl at one end and gradiiat«Ml in v.v. One grtulu- 
ated up to 100 e.e. in preferaldi*. Take a narrow beaker^ 
pour in alMiut half a litre of w’at<»r and ad<l alnait 00 va\ of 
t!oncentrat<^l Hulphurie arid, Mtirring !»riHkly. When eool, 
6U up the tube wmipletely with the aeid, taking ran' tliat 
no air bubbles are allowrnl to eiit<»r, thi» open tuid by 
moans of the thumh and iii\*ert in tin* heakf*r, wliudi etm- 
tains the greater jwirtion of the dilutHl mdil. Fix the tube 
in a miiall elatn[» stand. Draw out a pie<fe of soft glass 
tubing of about ! in. diami’ter (it should slide eoiiiforiahly 
in the gniduat<Hl tuls*) in the Idowpipe flame and rouial 
off the end. Out it c»ff at about 1} in. from the ehtsed end 
and round off the islgos. Next «;rape a pi<H*e of mag- 
nosium ribbon to remove all oxule, and weigh t»ut a pifH’o 
of alioft *1 gramme (it should not be more). Dmp the 
coiloci rildsm into the sinali tube and fill up with w*ator, 
shaking welb if iicsressary, to disengage any air bttbhlcm. 
Close the end by means of the thumb and l>ring it under 
tho mouth of the gnultiaUsl tube (whiidi is still under the 
dilute add). Fon*e the small tiila^ ij]> into the wider «mo 
and lower the latU*r until it almost t^mches tho iKittom 
of the beaker and eomidetely encloses the other. Himurve 
your hand and rinm* off the acid. 8of>n the heavier odd 
will diffuse bi the magnosium and bf^gin to dismilvo it. 
Hydrogen will bo evolved and will bo ooUociod in tho tube. 
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When the maf^osium has complotoly dissolvod, adjust the 
tube 80 that the liquid inside is level with that outside, 
more water liein^ poured into the beaker if nefjossary. Do 
not tou(!h the tube with your hand but let it remain in the 
clamp, uj>on which lianj:^ a thermometer cUise to the tube 
in onbu’ tf) r<«nl the teiiqM*rature of the air in the neij^h- 
bourhood of the gas. In a f(‘W minutes tlie tomperaturo 
of the hydrof^en w'ill be seunilily tlio same us that indicated 
by the thermometer. Take a reading also, of the height of 
the barometer. Now carefully measure the volume of the 
gas, raising the tube (still in the clamj>) until the liquid in 
it is slightly above that outside. Having thus read the 
volume, tem])orature, and pressure of the wet gas, we con 
deduce th<' wcught of dry gas, i,e. the hydrogen in the 
manner indicated btdow. 

The V(dum(» of a moist gas having been measured at a 
given t(uujH»rature and pressure it is iMHtessiiry to ftrst find 
what v<»lume the dry gas w<mld (Kfcujiy at 0'^(\ and 700 
m.m. prtMwure. Allowance must be made 

(f#) for the tempemture i»f the gas (i.#. of the room) ; 
{b) for the pressure to which it is subject (that of the 
Htmosphei*e at the time of the experiments) ; 
(r) the tension of the w^ater-vapour. 

Tliis involves a somewliat complex caleulation!^' and a 
table has therefore lH>ei> drawn up to enable the student to 
make tlio t^orrection by using the factor given in the table. 

Thus, supjKise the tem|Kmiture of the hilMiratoiy to be 
10® C. and Uie atmospheric pri*ssure 7-40 m.m. ; the tension 
a( aqueous va}K>ur with which the gas is saturated is for 
10® 0., 9‘1 m.m. Now if v is the volume of the moist’gas 
08 observed, tlien V the volume of tli<^ diy gtis at 0® C. and 
760m.in. pressure is given by the expression — 

V = vX278x(740-»1) ^ ^ 

283 x760 
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Observed volimie of goA, 120c.c. 

rho factor under 16*^0. and 750 m.m. ia 0*0823. 

Weight of hydrogen = ^ = 0*00988 gnu. 

1000 

Determination of the equivalent of sine. — the? 
Wiino appuratUH an alwivo and priKM^Ml in oxiU’iiy sitnilur 
iiiannor. Wt'igh about *2 grainmo of bright zinc foil, ndl 
it up and pliico it in the nliort tu1»o full of water and iutn>- 
(luco UH before into the meiiHuring tube. 

/ill +1 1 ,S( b = ZttS04+ 1 L,. 

Determination of the equivalent of iron. Dilute hydro- 
cliloric a<.ul will be found to u<‘t iiuiro rapidly than Kul]ihuric 
in thin ex[i(TiiiH‘nt. Weigh out about *2 gramme of fine 
iron wire which haw beiu B< ni]»be<l with a piei*e of Hand 
[taper to r(*mov(^ ruHt, and folhtw tlie Mume metlioil m in 
the iiiagtK'Hium ex[)eriment. 

Fe+2 11(1= Fed, 

Indirect determination of the equivalent of silver. In 

the ubov<» ex[MTiment« we have ilirectly lueaHunHl the* 
quantity of liydixigen re[)liux*<l by a givtui w<‘ight of m(*tul, 
and from the two numberH eahulat<xl tin* aimtunt of metal 
oquivah*iit to one gramme, or unit weight in any Hyatem, 
of hydrogen. In mime (‘uhc^h hiuIi a iiu*thml Ih iiajHitmible 
btx^UHe Uie meUil will not twt on the acid and evolve lydro- 
gf*n. Then we have rtH*ourKC' to imlir<*ct rnethodH, mieh, 
for iuHtaiiee, uh th(* following. Silver doeH mit caiim* evolu- 
ii<m of hydnigeii fixmi the iximmon atridn, but iiiugneHiuiii 
d«M*H; we can therefoix* delf*riiiine the (*(|iitvalent of iitag- 
iieHiiini. Now luagtieHiuiii mil r<*adily nqilain^ nilver ill 
Htlvsr nitmti*, giving fnn* ailvi'r and iiiagneHtum nitrate. 

2 AgND,4-Mg = MgiNib)s-l-*i Ag. 

Ohviouidy, if we can deteniiine Uie weight of ailvor 
liberated by tlie tHiuivaieut of magueaiuui, we Hhall have 
the equivalent of silver. 
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I'ako a largo inm^olain CTUcihio — i^no that will hiihl 25 c,c. 
l«>mfortahly-*-¥raHli it carc'fully, dry it in tho h(»t wator 
o%'oii, and allow it to Pliitv it on ono juin of tho 

halaiu^) and on tho othor a lights small hoakor. Into tho 
Iw^ttkor di*op shot, om* h;^ «»no, until tlii' oountor|M)iHo is just 
tcK> hoavy ; roiuovo <»no sliol and plaot* instoad small 
of [MijHW until th<‘ oouiitoriMiisi* is just (*<|ual in woight to 
tho cruoihlo. Now tuko ahoiit two graiiinios of silvt^r 
iiitrato tTystuls, <liss<ilvo in 29 o.o. of distilli^l wator and 
place! tho sedation in tin* crm ildo (ni»\v loinovisl (suirso 
fn>in th(« halaiUM* ]ian). Put tho (ountorjKuso astdo for a 
short tiiiio and weigh out aoourately s<uuowhor«» about 
*1 grainiiu' of bright ntagiiesiiim riblsui. 'I'lio weight of 
motal lUHsl iMit bo proi'isoly *1 grauiiiu% but whab^voi* it is, 
it ahouhl bo aooiirutoly known. Plato tlit» ribbon in tho 
(sdutioii — it will s<Nin Ihoouio coatod with a groy dojsisit 
of inotallic silver. Stir it about with n short glass I'lsi in 
ordt*r tei hsiHoii tin? silver, which will fall t4» tin* ImiIIoiu of 
tho vossed, and <*x[Hmo a fresh surface t>f luagnesium t<i the 
action of the s11v<t nitrate. I)o not remove tin* rtsl fmm 
the cnicibh* until the end of tin* experiment, (iradiially 
tho luagiiesiiuu w ill diHap]M*ar ainl be rephmed by a gr<*yish 
jK)wdor. By gently tapping the sides of the cru(*ible we 
can g4% this to collect on tint botUuii, the clear solution td 
tho nitrutes renuiiniiig alsne. ( 'arefully pour this ofT frmn 
tho silver, d<i%vii the glass nsl, into the bottle kept for silver 
n'sidties. (If there was silver on the glass nsl it should 
have Imh’Ii rinsisl back into tin* i rucible by a few drops of 
distillfsl water fnaii a wash'lsitlie;. Fill up again with dis« 
tilled water, stir well, and again allow tin* jms'ipilftisl 
metal to m-tlh*, tapping the crucible gently. l*our off tho 
nupomataiit litpiid, taking c-arc? that no iindal is hist. 
Tilda washing ofionition should Im* n^iK'ahsl five or six times 
in ordor to mmov'e all silver and niagn<*siuni nitraU^ frrini 
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tho metal. Finally wash with a little rectified spirite, aleo 
removing all scdid matter from the outeide of tlio crucible. 
Dry in the water oven for twenty niinuteft, and gradually 
heat tho crucible to nnlneHs on a pipeclay triangle, over 
a Bunsen flame, a lid Inung placed over it to throw back 
any spittings. Allow U) cool, remove tho lid and place on 
the balance pan. On the other pan place tho counterjwise 
arid detenuino the extra weight needed to bring tho two 
jMins into (K^uilibrium. This will bo tho weight of silver 
displaced by the known w*(»ight of magnesium taken. Tho 
problem is to find tin? weight of silver repla<;ed by the 
equivalent weight of magneHium. The equivalent of mag- 
nesium is 121 — ])y a simple sum in j)roiK)rtion w’(‘ can find 
from the above data tie* weight of silver it corr(*sjMmd8 to. 
This is the weight of silver which would rejdace unit 
weight of hydrogt ‘11 in any acid w ith wliiidi it ri'ucti‘d. 

Indirect determination of the equivalent of copper.— 
(V»pper, again, is a iiudal which d»M*H not cause evolution 
of hydn»gen fixuu the eoiamoii mineral acids. We must 
adopt a method similar to that d(‘8crib(xl in the alM>vo 
experiment. Weigli accuratidy a rather de(*p |H>rce]ain 
crucible of ubtmt 50 c.c. c<»ntent. Into this bring about 
40 c.c. of a sohition containing not less than 2 grammes of 
copper sulphate, and then alM>ut 015 gi*anime of maghesium 
ribbon, the (*xact weight of which has binm dt^termined. 
The magnesium will shiwly disap|H*ar, and a heavy pow*d<fr 
wall he proidpitabsl to tlu^ lM>ttoiii of the vessel. When on 
stirring w ith a glass nsl then' is ii(» hmger anv sign of the 
foil^the n*actifui is complete. The magnesium has replaetnl 
the wqiper in the salt originally Uiken, an«l we have now, 
in the vessed, metallie copjHT and u solution iMmiuitiitig 
magnesium sulpluite and excess of copper sulphate. Now 
place tlie |)OT(!!4dain crucible in tho t^ntro of a baain of 
about tho same depth, and <Ure<;t a rrry j/eniU stream of 
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wator on the surface of the liquid, as hIiowh in the 
figure below. Adjust the stream so that litth» if any 
of the iMirtielos are so disturlHHl as to be earrifMl out of 
the crucible, and (illow it to cHUitiiiue some luinuteH and 



Fig. 34. 


so long as the faintest tract* <if hint* Cfiloiir is to l»e si^eii. 
On atlding aiiiimmiu to a little of thf« lit^iiid in a to^t (iibo 
the #ilu<} (Milour is int<atsificKl, and if thi’ii, on i<s»kitig 
down the tube, tin* colour is ii!> longer n]»{iareiit, the 
willing may be discontiiiuiHl. Now take out the 
crucible, |M#ur off the li4(uid airefiilly, so iih to avoid tin? 
loss of any co|»|H;r, and if s«uno grtiniih'H ar«^ found at 
the boitont of the basin, |Kitir off tbo Ii<(itid in it and wash 
thesis into the crucibh*. After the wafer has bem diiiiiiisl 
away us wjiujihrtely us jK>ssible from tlie eoj>[H*r, add u 
few cubic ceutiiuetres of alcohol, is>ur off again and nqKtfii 
thui washing with alcohol once or twice:* more. Now placft 
the crucible in a water oven, alhiw it to remain till quite 
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dty, cool, and then weigh it. The increase in weight will 
represent the amount of r4>pper it contains. 

We liavc» iK>w (a) the weiglit of magnesium used, (b) the 
weight of clipper whic^li this magiu^siiim has displaced, 
and if the experiinerit has i»e(»n (tarried out with duo care 
ihesf^ weights will he found to h1u)W' V t^ry n(‘nrly the relation 
12‘1:JU*(J. Thus if 12*1 accept<Hl as tlie ec][uivaleiit 
of iiiagneHiuni, indi itni.st he taken as that (»f copper. 

An exj)eriment of th(* same kind may he p(*rfonii(Ml wdth 
motallh^ ir<in and eoppf*r sidphate. 

Direct determination of tho volume of oxygen contained 
in a weighed amount of potassium chlorate. — a 
thick-walhsl hottle with a fairly wide mouth, and of about 



one litre caimtdty. Fit it with u gtHsl sound i^ork, pre- 
viously sciftencMl. Take a phM)e of narrow ipitU tubing of 
suitalde length, anti bend it twice at right angiee so as to 


SIMPLE QITANTITATn’E KXPElirMENTS. 


m 


make three sides of a rectangle; one side aliould ho 
slightly longer tlian the bottle, and the one pimllel 
slightly loss. Take a piin^o of the same tubing about 0 in, 
long ami bend it in the middle at an ttbium^ angle. Itountl 
the ends <if the tubes in the thiim* <d‘ the Imnier, and 
forato tlie (‘ork in two jflaees. Througli one liole |Mtss the 
longer limb of the first tube until, wlien the* eork is pusloMl 
home, the end almost touches the bottom of the bottle. 
Through the oUkt hole push the short tube until tin* t*nd 
just appi^ars below the eork. To tin* other eml of tiiis 
latter tube attaeh a short ]uiH‘e of souml indiarubb«*r tubing, 
fittcnl with a brass clip by iiu>afis of which it can be com- 
pletely c1oh<h1. Wo have yet to make the vessel in uhich 
to h*‘at our potassium ehloratt*. It must be of fairly 
infusible glass in onbT to stand the temperatun* iieisbsl 
for the (complete deeomposition of the substanee. Tin* 
glass known as “combustion** tubing is c<mv<*nicnt. Ileal 
a pi«*<*c about 18 in. long at the maldlc in tin* hottest hlow- 
jiipe flaim*, and when fairly soft draw it rapidly apart. 
{Snap it in tlie middle and tak<* one portion ; where it tii|M»rs 
most rapidly, soften it ami draw off the long nutrow 
jKirtion, and seal U[» tin* end. Now heat this thoroughly 
in the hottest thime, ami blow it mil into a small bulb. 
Whe» emd wash out carefully and dry, fit with a g«Msl 
cork, and bf*rid u of ipiill tubing at a right angle, 

rounding the ends. Iton^ the cork and itis^'H the glass 
tulm s<» that the <*iid just ap|H*urM b»*low the eork. Jiefore 
]>rrHre«Hlifig to weigh out the jN^asHiiim i hloniti* we must 
test our up[»aralus in otxier to wh(*ther it is iptite 
tigiit. Fill the ls»ttle <‘fuiiplctc|y with wat4*r, cli]t th<* 
iiidianiblsT tube h«> tliat it is cliwasl, and carefully fonte in 
the eork. As it is push<'<l tnUi the Isitile, water w'ill Ih^ 
out of the tttlie wdiicli |m#jfMJtM. Now* eoiinf*et tlio 
imliarubbor tube with the glass tiilie of the Imlb, haWng 
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previously pushed in the cork until it was quite tight, 
Koloas<3 the clip, so that there is a ][)erfectly free imssage. 
If the apparatus is quite tight, little or no water should 
run out of tluf side tubin We shall suppose that all is in 
perff4ct working order. Ileplace tlie clip and remove the 
bulb gently from the cx>rk. Hliake the bulb to be quite 
sure that no particles of cork have fallen into it, and 
ciirofully weigh it. Introduce about 1*5 grammes of 
crystals of ]K)tassium chlonite, and weigh again. The 
difference gives the exact weight of substance we have 
taken. ll<qilaco tlie cork carefully in the bulb tube and 
release the clij) from the indiarubber. Observe that the 
apparatus is air-tight, and [ila<H* und<»r the tube pro- 
j(Hjting from the bottle a tall gTa<luat«*<l measuring cyliinler 
of 500 c.<!. iMUitent HO as to catch tlu' fluid exjM^lhnl. Now 
gratlually heat the chlorat** coiitiiino<l in tlu' bulb, by 
moans t»f a lluus<*u tlamc' — not too strongly at first. The 
bulb is Ixjtler fixed in a small clamp stand so as to 81 o]h) 
slightly upwanls. The chlorate will first fus4\ and then 
give off bubbles of oxygen. K«»ep the liquid gently 
simmering until v<*ry little water is expellcnl from the 
bottle, and then heat it more strongly. The side tube 
should now dip some distance below the surfatri) of the water 
in the graduaUsl cylindtu*. Whtm no more liquid is t^xjirdlfnl, 
oven on stnuigly hiuiting, the flame can be grmliuilly 
lowerofl, and finally reifltivcMl altogetlier, and the a[quinituH 
iillowtHl to assume the teiiqM»ratun* of the nsmi. When 
the level of the liquid in the cylinder is pmctually 
stationary, we candully juljust the cylinder s<i that the 
watiw in it is lev(4 with that in th(« bottle, obs4U*v(^ the 
volume of water and naul th«^ tem|Hu*ature of the sur- 
rounding air by ui<*fiiis of a theniumietor hung near. The 
height of Uio lairometor must also be read to give us the 
pressure, aud the aqueous tension for the observed 
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temperature noted and deducted. The volume of water rend 
off, whudi ia of course tlio volume of oxyp>n c?xj>elle<l, can 
then he (oiTected to 0^0. nud 7(50 m.m. |m*Hsure in tlie usual 
nmnner (see the sec^tion on the (H|iiiviileTit of tna^iieHiiim, 
p. ll(»). Fiom our data we can ealeulate (lie voliittie of 
oxygen ineasuro*! at (f'(\ and 7(50 ni.in. <‘vo1v<h 1 }iy 
grammeM of KdOg, It ought to he about 0;5*o litn^s. 

2Kri(h = 2K(’l4*5Hh 

2 X 122*5 3 X 22*32 lilnHi. 

On acidSt alkalies, and MltB.--Andit may Ite hrcmdly 
dofine<l ns those Huhstniiees w'hich ^•ontnin Iiyilrogen which 
is replacenhle hy a metal. Thus liytiroiddoric acid when 
treated directly witli zinc, for (•xample, gives off its 
hydrogen, the phu^e of which in the acid is now owaijutsl 
hy the zinc, giving ns zinc chloride. Many aciils, liowi^ver, 
are hKi weak to give off hydnigen anil dissolve the metal 
when treated directly with it ; the hydrogen in them can 
ho roplacjcnl >iy luetiil, hut indirectly. If we present the 
metal to snch in the form of an oxide, we can in many 
cases get it to dissidve, the hydrogen of the aciil uniting 
with the o.xygen of the oxide as water, the metal c^auhiuilig 
wdth tlie remaining jiart of the acid. A reaction of this 
nature is w>en in the following equation. 

• Ph()4-2H(1 = rh<’h4* H,(). 

Even weak acids can often he rrs'4»gniHiHl as such hy their 
action on cnerUiin t‘olouring matters. A solution of litmus 
for example is tumfsl a bright nsl hy most acads. l*our a 
drop or two of liydnaddoric, nitric, and sulphuric acids int^i 
fio|Mirate l>eakers, dilute c^msideruhly, and iM a drop or two 
of neutral litmus srdution to emdi. A firight rcsl itoloration 
will result in each casc^ 

may he defined as thosr* siihstiinc^ which remd 
with acids to produce water, the hy<lit>gen of the otdd being 
replaced hy metal. They are the oxides and hydmtea of 
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the metals. Many of them form insoluble compounds 
with certain aiiids, and consequently appear to have no 
action on thorn. Before deciding that a substance is not a 
base, wo must therefore try it with several acids. Wo can 
recognim^ tlie presoiKto of a base again, in many crises, by 
tlu» arrtitm witli certain cobairiiig miftters like litiiius. Only 
thiwe wlii<t}i ar<^ Moliible, or slightly soluble, in water exhibit 
this |irop(*Hy. This a<!tion is shown also by certain salts in 
which wo have what is (miIUmI a strong base united ^dtli a 
weak acid, e,g. sodium carbonate. All these substances can, 
when dissolved in water, turn tckI litmus blue, and are said 
to possess an alkoline reaction. Pour a few drops of caustic 
soda solution, NaOII, limewater, Oa(()H)a, tt*id sodium 
carbonate solution, NuaCOi, into separate beakers, and add 
a few drops of rcnl litmus solution to (^acli. The solution 
will bo imimsliately tunnsl blue. 

Finally, 9alU are the compcmnds produceil by tlio 
union of an acid with a bus**. They may be rogard(Hl, 
quite as correctly, ns acids in which the hydrogt»n has 
l>oen rephure*! by a metiil. Acids turn litmus retl ; bascm 
restore tlu^ blue colour ; salts Imve no action on litmus 
— tliey are said to be neutral. Take about a quarter of 
a stick of solid caustic soda, dissolve it in alxmt 20 c.c. 
of water in a beaker, and add a few drops of litaius. 
Pour about 20 c.c. of concentratcKi hydn>chloric acid into 
a small ilask and add about twice its volume of water; 
mix well, and pour it gradually into the sodium hydrate 
solution. By cautious addition of the acid, the blue colour 
of the litmus can l>e made to merge into a purple — neither 
red new blue. The alkali will then bo cxtmpletely neutralised 
by the acid and wo shall have a salt, neither free acid nor 
alkali being present. Pour the neutral liquid into a small 
pofoelain basin and evaporate to diyness on a tripod. We 
dmll obtain a white solid, oolooxed slighUy by the Utmns. 
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Taste it. Do you recognise it ? Compare the taste with 
that of a little dilute caustic soda solution. Is there any 
difference ? Sompe out a little of the solid suhstnnoo into 
a diy test tube, pour a few c.c. of strong suI])]iTiric aciW 
it, and wanii gently. What are the white furn(‘M pr(Mlue»Hl Y 
Would caustic soda gife them wh<‘ii similarly treale'd ' 

The reaction wliiidi lias taken place is r«*pn*s<*jited by tie* 
following equation : — 

Na()II -f 11(1 Nad -f 11,0. 

StKliuni llytlnKliKuic C'Dininou 
h3'(lniti* raid miU 



FtK* 36 . 


In onlor to cany out the fi^Uowing < 
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tho graduated vessels shown in Fig. 36, viz., a pipette, a 
stoppered flask and two burettes. 

The amount of a given acid required to neutraliee a fixed 
weight of a certain alkali in aho fixed. This bi*ing the ease, 
if W(« take double the aiiiount of alkali, we should 
ref|uiro double the aiiuuint <if neid to eoinpletely neutra- 
lise it. Take a stoppero<l measuring tlask, gnichuibKl to 
contain 250 c.c, when filhsl up to a (tf*rtain mark on tho 
ncH!k, and countertKiise it on tho balan<;e. On tho pan 
which supjKirts the eounterjwiise, place in addition weights 
making up 16 gramiiK^s; we wish to add to tho flask 
approximately 16 grammes of nitric acid. Clean and dry 
a 10 c.c. [dpotte, suck up into it pure nitric acid to tho 
mark. ((<aro must be taken that no ac‘id can enter tho 
mouth. It is advisable to atta<*h a long piece of india- 
rubber tubing to the end of the pipette and suck from the 
end of that.) Kemov<* the flask from the balance and ad<l 
the acid ; r»'plac(* and see if the atad wcaghs taiough — it 
should not. Keiiu^ve the tlask and add a few more drops 
of a<ad. When about 16 grammes of acrid kave b(*f‘n taken, 
weigh «?xactly. Then till up thc‘ tlask with distilhsl water 
to tho mark and mix thoroughly. Wi* have now 250 c.c. 
of dilute acid containing a known weight of purc^ nitric; 
acid; each c.c. (H>nB<:H|uently c'ontains a known weig^^t of 
acid. Now take a stick of solid , caustic soda, dissolve 
it in alH>ut 250 c.c. ol watc»r — tliero is no need to 
measure it very exactly — and stir the solution thonmglily. 
Measure out, by means of a 10 c.c. pijKdte, 10 c,c. of 
the soda solution into one beaker, and 20 c.c. into anotlier. 
Note^that in measuring out lupiids from pipettes, the 
last drop should not I>o blown out, but allowed to run 
out by holding the nozxle of tlie pii>ette on the side of 
tho bf^er for a few sectiiids.) Fill up a burette, with the 
acid prepared as above, to the zero mark, and soo that tho 



HtMri.K QrAXTITATlVK KX l*KttfMKXT8i» 1*29 

tioxjclo tho tap i« <mtto full <if luittM. To llii' 10 o.c. 

of fMMlu Holtitioti takofi, a<l<l otioti^li litiiittM to 

it a diatiiul bliio cttloiir, find tlioti adtl tho ludd fn»m thf^ 
l>iir<«tto ^nidually until th<' Idito tMiloiir b«HM>titoa ti }iuqiU\ 
inflieatin^ that th<« alkali lta>« boon muitraliiMHl. Aftor a 
littlo j»ra<’tu'<‘ tho Htufbuit will 1 m' abh» t<» toll whan thin 
|Kunt in bf'in^ ap|>r(mohod, and ho ran than add thoaoid dmp 
by dmp. ('andully road tho Ifvol »»f tho li«juid in tho 
burotto — it ^ivoH uh tho viduiito of arid addf^l. N<»a' 
tho pnwoHH with tho 20 o.o. of wMla Ktdiition. Ah doubln 
tho voluino of Holutitm in takon« it w ill oontain doublo tho 
woi^ht of himIu. anti ot»iiHO<|iiontly nhoiiltl riHiuirt* dotiblo 
tho iiniount of aoid to lo utraliHo it. Whoii thi^ puqdo 
<*<»h»ur iw fditaiiiod, Hiibtraot tho M^oiid rtaiditif^ iff tho 
bur**tto from t)io thinl; tho difforonoo in tho volmiio of 
aoid luldod. It should bo doublo tho first volumo takim. 
In n»«dinjit‘ tho h vo] of tho liquid it iw advintiblo to tako 
tho lowoMt jMiint <»f tlio ourvo<l Hurfa(‘o. 

From ihf rolumr of ar id of Inotrn ntrfmjth rrquired fonfutrn- 
linr (t tfirtn roiuoif of olkalt ^ohtlton trr can Hctcrmim ihi 
itren^th of the latter. liy tho str»»ii|;:th of a Holiition of arid 
or alkali, wo moan tin* woi^ht in ^rammos of thopiin* aoid 
or alkali oontaliiofl in oio* i iibio oontimotro of tho ladtition. 
If w'«^m»w tho Htron| 4 :th of tho aoiil and tho niiiiiborf»f o.o. 
of it takoii, wo fan, by multiplying^, dotonnino tho total 
woight of purr, undilat^fl arid (ontaiiiHl in that volume. 
If wo know tho O4|itution whioh roproMf^nts tho rotuHion wo 
o.an oalouluto from tho w«dglit puro iioitl tukori, tho 
woight of puro alkali no**«lo«l to iioutraliHo it Now* thm 
woight of alkali is oioritairuHl in tho niiinbor of r.r. of fa///- 
tion of alkali takon ; if wo divido thin woight by tho 
iiuiiibor of o.r., wo <HfnHo<|uoiitly obtain tho woight of alkali 
coutaino<l in oiio o.o. of wdutioii, whioh in iU Ntrongth. 

To uiaki; the aWve roaiaming cloaror lot uh ooniiider tho 

r St. Ptmt K 
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oxpcrimont deHcribefl in the foregoing j)aragraph. Suppose 
thiit our 10 c.e. of mkIu solution required for neutralisation 
9*2 e.c. of tlie nitric acid solution, and the 20 c.c. required 
18*3 c.c. Then 30 c.c. of soda needed 27*5 c.e. of acid. 
Now 250 c.c. of tt<^i<l solution contjiinwl, say 16 grammes 
of nitric a<*i<l, the remainder }»eing, of (course, water ; 1 c.c. 
of solution therefore contains grammes of nitric acid, 
27*5 c.c. will (Mintain 27*5 X iVi. gi’ammes. Accnmling to 
the e(|uation of the reaction, 

UNO, + NaOIl = NaNO, + H,0, 

fi.H 40 18 

63 grammes of UNO, immmI 40 grammes of NaOH for 

complete neutralisation. What weight will ^-1? 

250 

grammes re(|uire 7 

63 : 40 ; jr, /, 1*117 grammes. 

30 c.c. (»f caustic^ wsla solution must therefore contain 
1*117 grammes of tmli<l caustic soda. 1 c.c. will contain 

= *037 grammes. This is the itrength of the unknown 
30 

solution of soda we began w ith. The example illustrates 
the factt that by neutralising with solutions of known 
strengtli, w*e cnn iind the unknowm strength of a sohition 
of acid or alkali, if we know what acid or alkali we are 
dealing with. 

The determination of the amount of acid in a eolation 
by meant of loeland spar.— Clean a small fiask and place 
in it exactly 50 c.c. of the solution uf nitric acid, prejiared 
as dfrecbd alnive, using a 60 c.c. pii^tte. I'ick out a piece 
of Ict^land spar of 5 or 6 grammes weight, and of such a 
site tlmt it w ill rcnidily |mss dowm the tux^k of the flask. 
Weigh it acxmmtely. Now* attach a piece of stout thread 
to it, and sus|>end it in the add. Brisk eBfervescenoe will 
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take plae<\ iUo Himr dittiMdvtRg with formution of iMiloiutti 
liitmto and evolution of ctirlxm dioxides Mont i»f the jitir* 
ticleci of liquid thrown up by the elTor\'t*H<Hnu?o will 
rodecrtiHl into tiu^ solution by tht^ Hides t»f the veiim*!^ mi 
there will be very little Iohh from Unit eniine. The Holutiou 
should b(^ oi^itatiHl from time to time t4» briu^ frt^sh |M.»rtiotis 
of acid in c<intaet with the stmr. Whtm till i^iTerveHtsuuH) has 
oeused, take out th«* H|>tir, r<*move the tlmMob wash, and dty 
iH^tweeii blottiiig |Mi|M»r, and tiually wt«i}fh again. The 
differenet' betw<H»u the two weighings givt's the weight of 
s|Mir dissolvcsl. From the tN|uatiou repn'mnitiiig tlie r<*mlioti, 
wo can ealeulate the amount of nitrie arid uwessaiy to 
dissolve that amount of ealcium earls matt*. 

Cai’O, -p illNO.rsCa NO,), + H,0 + 

100 120 104 IK 41 

If lOU gnuumt*H of < 'a( 't b tieisl 12t) gramiiifw t»f HN0„ 
what w’eighl will x grammtvt tif ( *a( '< b iuHnl V The answt'r tt> 
Unit givt^s tin* wt ighl <if nitric atud containtHl in the 60 o.e. 
of nitric acid solution taktm. 

1. Weight of spar bt*fore stilutioii O'OHI gnus. 

2. „ „ „ after „ 1150 „ 

,, ,, „ disstilvtsl 2*531 grms. 

100 ; 2*531 120 : .r. xxz 3*103 grms. tif iINU,. 

TIm} strength of tin* soluthm tif nitric acid con of course 
Ijo obtaiiitHl by dividing x by tint voluiins vix., 50 c.c. 
This (*x)M*riiin.*nt cannot bt* n[)pli<sl to <lt*t4*nnine the aiuouitt 
of sulphuric acid in a mdutitm, iKS’uusif instjluble calcium 
sulpliaU; is fomnsl in tliat which coats the crystal and 
protects it agfiiimt further uctitm. 



CI1AITK1{ VI. 

IX'MtOlH’C’IlO.V TO SY.^rKMATlC ANALYSIS. 

(IrALiTATiVE Analysis has for its ohjotrt th(» dotomii- 
nation of tho nuiiihor and naturo of th(^ (ronstituents of 
Kulmtaiu os, withont roforoiu^o to thoir projsirtions. 

Usually it has roforonoo to tho examination of naltty i,e. 
ooinhinations of acidi and and in sueh cases tho 

jmddom involvoil is tho dotormination of tho paiiicular 
haso an<l acid pros<»nt in any f^ivon suhstanco. Thus we 
exaniim* suhstanoos to dotormiiu‘, not directly wliat elemenU 
art' present, hut what metals and what acid nidieles — tho 
latter, of cours(‘, usually groups of fdemeiits. 

In determining the metal f»r metals presc'nt in a given 
suhstanco, we submit a |M»rtion <»f tin* suhstan(*e to tho 
action of various migents. These reagents are ap]di<Hl in 
the dry way, e.g, hefore the hlowpij»e, or in the wet<^vay, 
i,e. in the state of solution. The latter metlnKl is the 
more inqsirtant. Usual^', tho plnmonnuion which we take 
ailvantagc^ of in det€H*ting any substance is thc^ fonnation 
of a preeipitatfy w'hen solutions «>f certain IsHlies are brought 
together. The fonnation of a pre<?ipitaU', of counws is due 
to tlif? inteniction of the suhstaiiees in stdutioii giving rise 
to the pHsluction of some new e<»miH>uiul whicdi is insol- 
uble, or only slightly soluble, in the liquid pr<»sent. 

Boagonts are divnUnl into group nagmU and npeciiU 
Tho former are those which produce a similar 
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g^^noral rosult with sovoral motal^ — hy<lrf>o!il(>rio a<n«l 
pv«*s a whito pr<H'ij)itnto with <*ith<*r nilvi'r, ini>r»'iin*» nr 
h*a<h and in, thoivfon*, tlio p^r«iu|» for thoMo inottils, 

Spofial rojijjfonts an* thos** \vhi»*h \vi* iiiako u.ho of for 
«*on(iriiiin^ lh«* ]»roso!u*«* or nlmoniM* of a partitailar iiiolnl. 
In a|»{»lyin«^ ri»ap*nts* to a ImmIv to ho analvHiHh it »>f 
tho ntmos: imjiortaiuo that tlioy should ht* uhimI in a 
systomatii- onlor; otli<*r\viso altoj^othor ornuuMuis rosults 
may ho ohtainod. 

Tho ^roup roa^jTonts imnally omployod an' tho follow- 
ing; — hyilnwhlorio acid; Hul|ihurottt*<l hydroj^^on in 
proHt'iico of hydrochloric acid; aiuiiionia in ]»roHonc<' id 
aininoiiiinn chloride; aiiiiuoniiiiii siilphido in |»n*Honco of 
asninoiiia an*l aiiiniotiiiiiii cldorido; ainnionitun car)>oniitc 
in ]»n‘soiico of aintitoiiia atal aiiiinoniiiiii chhu'ido. d’lioM* 
an* a[)]diod in the al»ov<» onlor. 

The inot4ils arc usually diviilo^l int<» six g^nuips, acconl- 
in^ to th«*ir hohavioiir with the ahovo roai^onts. 

Group T. coiuprisos those luctals whoso chlorides are 
insfiluhlo in water, aid which, therefore, are precipitatfsl 
hy liydrochloric acid (<»r, iride»*<l, hy any soluhlo chloride). 
TJi<*y an* siJv<’r, Icjul, and iiierciirv (oiis), 

GroU[> II. loiiiprisi'H ifioM of the rrmainintf mefaU whose 
Huljiiiides are insoluhh* in hydrochloric: acid, aiul which, 
th<*refc»re, are precipitatecl hy sulphuretted hydroj<^c*n in 
pn'sence of that acid. Thc*y arc* iiic*rc!ury (ic>, lead, 
hisinuth, co[}pc'r, cadiiiiuiii, tin, antimcuiy, and firsc*nic. 

Grouji III. inc ludc*s thonr uf the remaining mrtaU whcmi* 
hydrates anc insoluhlf* in watc*r aiicl in aiurnoniiini chhiride 
acilution, and which, therc*fore, are jcnsripitatcsl hy iiiMitotiia 
in proftcmcc* of aiiinicinititii chloride. They an* iron, 
chromium, aiul aluminiitin. 

Gbxmp IV. consists <*f nf the r^wmning wfinU whose 
sulphides are iiiscduhle in water, and which, theendon?, are 
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procipitated by ammonium sulphide in alkaline solutions. 
They are nickel, rtohalt, man^anefM>, and zinc. 

Group V. intiludes, of remain ing metah^ those whose 
carbonates are insoluble in water and ammonium salts, 
and whicli, therefore, are thrown down by aiiuiionium 
carbonate in presences of ammoniulii cliloride. They are 
barium, strontium, and calcuum. 

Group VT. (?f)mpriHeH the remaining metah. They are 
magnesium, ]K>tassium, Hr>diuin, and ammonium. 

8pe<!ial notice should be taken of the words *‘of the 
remaining metals,” which appear so often in the above 
acf^nint. Group IV., for example, tlocs not consist of ali 
the metals which are prcHUpitattnl by ammrmium sulphide 
in alkaline solutions, but of siuth of these only as are not 
includiMi in Groups 1., II., III. 

As we are only (i<mceriied with, at most, two metals in a 
group, and gcmomlly <mly one, our attempts to alentify a 
metal present in <ino of its salts are much simplified. 

After detennining the grouji to whicih a metal belongs, 
the next thing is to identify the particular metal present. 
Advantage is taken of the slight differences in the 
pn>j>ertleH of the similar coinisuinds of different metals 
existing in the same groin>— -r.y. as to colour, solubility 
in various nmgents, etc, — in onler to settle this (|ue4|tion ; 
and, finally, the answer is continued and substantiated 
by the application of a itp 0 eiai (»r confirmatory test. In 
testing for the acid rtulicles the splitting up of the various 
acids inb> groups cannot l>e so fully carrie<l out, and 
more im|x>rtance is t4> be attachcsl to oontinuatory or 
8]>eoia] reactions. 

It must be carefully borne in mind that analysis is 
founded u|K>n a knowledge of the properties of the metals 
and acids, and is really an application of such chemical 
knowledge to the question in hand. The student should^ 
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therefore, in all oases endeavour to clearly understand the 
chemical changes which are ]mMluce<l in the varieus 
o|K>rations of eheiuhal nnnlyKis. 1\» this end he will deriv«* 
gi*eat advantage by making it a rul<» to expn'ss by 
means of fH|uations the varhms reactions which cKH'ur, 
Those equations should be writt«»n in a notc'-boch at the 
time the experiments are bcang made' in tin* laboratory. 

It will be found that almost all r<*aetions oe<*nrriiig in 
analysis are examples of metathesis or donbl*' d«s'4»nnM»sition, 
the interchange of acids and bases — thns barium 
chlc»ride and sodium sulphate' give us sodium chloride and 
barium sulphate ; the latter, being iiisiduble in water, is 
thrown down as a white pr(H*i[»itat<*. 

Na,80, + Itat ’I, = ItaSO, -p 2 NaH. 

8uch reactions, of course, present little «litriculty, but the 
pnictice of writing the e<|uationH should he a<lhf»red to, 
even in simph* cases, as by this means the stud(*nt ac«juires 
a valuable familiarity with the valency of im tals and the 
basicity (»f acids. 

Flame tests. — (1, Plat e a small quantity of solid calcium 
chloride, (’at’h, on a watch-glass. Jali a small pttrtion of 
it with the loop of the platinum w ire, and hohl in the lower 
outoj part of the Hunsen flame. The flamt' shows an 
intense oninge-red colour charaeferistic <»f cal<;ium com- 
jKmnds. Clean the wire by holding it in the flame until 
all trace of the orungt' ctdoration disappears. Tlicn wash it 
in dilute MCI and again heat it. 

(2) Take soiiui c opper sulphate (or any coppt*r siiU) and 
hoat it in the sanie way. The flame is of a bluish 
colour, but jaissibly not very intense. Pour a f(?w drops 
of HC1 into a watch-glass, dip the hsip of the wire in it, 
and take up with the moistonecl wire a fewr jiarticles of the 
salt. When tlie wire is now' placcsl in the flame the bluiib 
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coloration will bo much more intense. Now clean 
the wire by altenintely dippinji^ it in TUM and hoatinfjf it in 
the flame. Tlie first effcH't of tliis is merely to inemise 
the inteiiHity of the <‘f)1(mition, but aftor wmie time it 
beciomes fainter, and by ukiiij^ fresh aeid oium* or twice 
we can thoroughly cleaiiKe the win^ 

(3) Take some jyiiassitim nitrate and treat in the w*ay 
dos<jribed ab<»vo. Tlie flame is <*ol<)ured a beautiful violet. 
Moistening with IK’l ninkeH the flame m<»re intense. 
Clean the wire, wash it, and put it away in a (v»rkofl test 
tube or bottle. 

Borax bead reactions. — Borax, bein^^ an acid borate, 
Na,B407 = 2NaBOa . BvCjt has the jK)wer of disjdacing 
other (volutih*) a<i<ls from nietallh' saltH, so forming: fusible 
borates. These borates, in the case of many metals, 
|K)HH<«Ks distinctive colours, and s<» afford valuable evid<‘ncf‘. 

(1) Take* a pUH*e of platinum wire tittfsl with a glass 
handle, as already described, but without a loop at the 
end, heat in tlie Bunsen flame, and dip into powdered 
borax. Home of the* salt will aelhere to the wire. Again 
heat the wire, when the borax u|»on it will flrst “ in- 
tumosce,” f>. swell up fr<»m the escape of its watt*r of 
cryHtalli/.ation, and then fuse cpiietly to a clear, tMiloiirless 
bead. Now* take a small quantity of an iron r*f»mpiiund, 
Fe804 or Fe^O^ and bring it into contact with the 
bend, and again heat in tlie uutrr part of th<> Bunsen flame; 
a ehnnicteristii? riMldish-brown colour will bf> jinxhurcMl. If 
now the air-hol(*s at th«> base of the lamj) be jmrtially 
closed, so as to pixsluee a sliglit liimiitous np|K*urance in 
the qiqier centnil jsirtion of the flame, and the bead lie 
heated in this flame (“re«luc?ing flame’*), since there is an 
excess of coal-gas there, the oxide of iron, existing as 
borate in the bead, will be reduced to a lower state of 
o^dation, and tlie bead will, when (xsileil (liest in th<^ 
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coal-gas at the contre of the base of the Buneen fliune), 
be fouiiil to bo pale gi*eon. Tivat(>(l in tln» same \vny» 
copper conijHmiiils give a blue lieail in tlie oxi«ll/ing Hanu*, 
and a red in the redu<‘ing. In all ciineM only a very Knmll 
quantity of the substanet* to be teste«l intist be um*m 1, other- 
wise the colour pr»Mlueed in too 4lark to be recognisable. 

The blowpipe. — To ae<[uin* tlu' j>n»per use of the bl«»w- 
pipo will nccessitat(» a good dt»al «>f practice. A ronfnmous 
blast of air must be kept uji ; for this purpose it is neis*s- 
sary to blow without interf<»ring with tlie breathing. The 
secret of doing r<» is to use the ( hecks t<» bh»w with, and 
to breathe through the nose. If the cliet^ks be' blown out, 
it will be found that air can Im* foived out of the mouth by 
contraction of tlu* clus'ks at the sane* time that inspiration 
is efftstUsl through tlu* iu»se. With practice this operation 
may be pr<donged iiulefinitcly. Wlicn blowing con- 
tinuously, howev<*r, si ms* tlu* air is forced out of tlu* 
mouth by the prf's.sure of tlu* clu*cks-~nol by their 
contraction — they must be k<*pt distended. It is not 
necessary to blow hard : a V(‘ry gentle blast suflic(*K. 

To obtain the blowpipe tiaiiu*, the air-holes at the 
Imttom of a Bunsen burner are closisl so as t(» give a 
smoky lumitums flame, and the bla.st of air ft*om the ri(»x/le 
of th%blowpi])e is then dir(*c*t(Ml across tliis flame so as to 
pnsluce a long straight [Miinted flaiiu*. It is used for 
obsondng tlu? efI(»ctH <»f a \ory high temp(*ratur(» «»n dif- 
ferent substances, and in some cas(*H to effect tlu*ir oxidation 
or reduction. 

To oxidixe a substance it is lieatM in the oiit(*r flame-.- 
tliat is, at the tip of the blowpipf? flame. To effect reduc- 
tion^ the inner flame must be uwsl — that is, the substance* 
ia heated in the centre of the blowpi{M^ flume, which for 
thift piirpcmc must show a small luminous streak in the 
oenlra. 
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Ezperimaiits with the blowpipe.-— (I ) Take a piece of 
hard charcoal and sc,nipe a small groove near one end. 
In this griMivo place a small quantity of litliarge (lead 
oxide) and dire<*t on it a reducing dame. In a short time 
the oxide will melt, and if the heating he continued long 
enough a globule of lea<l will remain on the charcoal. 
This is an example of reduction effocttcnl by the re(lucing- 
dame and the charcoal. 

(2) Take some potassium nitrate, KNO3, and, having 
placed it on charcoal as described in (1), bring the blow- 
pipe dame to bear on it. It suddenly dares up, and causes 
ignition of the charcoal. This is deflnifration, 

(3) Take weights of |X)wdered sodium c^arbonate, 
Na^f'O#, and potassium carbonate, KaCO,, proportionate 
to their imilecular weights, and mix them th(»n)Ughly. 
This mixture is known as /union mixture, and should bo 
kept ready for use. Take a small quantity of litharge 
(load oxide), mix it with three <»r four times its w’cight of 
/union mixture, and heat the mixture on charcoal before the 
blowpipe. The mass fuses, and in a short time small 
globules of lead appear and are readily fused into one 
large globule. The use of th(? fusion mixture is twofold — 
it prevents the fused litharge from being absorbed by the 
charc'oal, and the fusion and reduction are raore^ easily 
off(M;to<l than in Exi>oriment 1. The fusion mixture here 
acts as a //ox. 

JVVif. — When a substance is to be reduced, it should be 
heated on charcoal, with some suitable dux, in the reducing 
flam. If oxidation is to be effected, it should l>e heated on 
tho^plaiinum wire, or on a piece of platinum foil in the 
oxuUxing dame. 

(4) Take some xinc oxide, Zn(I, mix it carefully with 
fusion mixture, and heat on charc^ml liefore the blowpipe. 
The oxide is roduis;Hl to tlie metallic state, and xinc., 
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volatile, bums on imssing throuf^h tlic outer Hame with a 
bluish green Unmo, forming the oxide wliieli is <le|M»sit<Ml 
on the charcoal in the form of an imruxtatmiy which is 
yellow when hot and white when eohl. Now laoistt*!! the 
mas.H with a few dn>|>s of ecdailtous nitrat<\ and again 
heat in the outer llame.® The mass now assumes a fine 
g^(*en w)lour. 

(5) Take a small (itiantit}' of fin oxide, and mix it w ith 
pow'dered iKitassium evanide, Ki V ; ]»hM?e the mixture^ 
on charcoal, and cover it over with a litth* K( V. then heat 
in the reducing hlowpijx^ dame. The tin oxide is (|ui(*kly 
reduccHl, and Hinall gIol>uh^s of metallie tin are oht4iintsl, 
Huhstances that are not easily riMlueed hy ehansial alom> 
are readily rwluced in the* presence of KCy. loving to the 
tendency of that coiiiponit<l to take up oxygen or sulphur 
to form KCN( ) or Kt 'NS. 

(Cl) Powder some* copper sulidiate, and mix it w ith (iv<‘ 
or six times its weigltt of fusion mixture. Heat the 
mixture' on charcoal hefore the inner hh»wpij»e Hame. The 
mass fuses, and the (’uSt), is re<luced t<» metallie e(»pp4*r, 
which is tfM) infusible to be obtained as a globule, and 
therefore remains on the chart'oal as small nMldish par- 
ticles or H<*ahAs which are not easily det«H’ted. Allow the 
nia.ss ^ ctsd, remove it from the chanvail tog«*ther with 
the crust of underlying chantoal, and [da<'e the whole in a 
ffiiiall mortar. Powder it very finely, and transfer the 
jK>w*der to a small beiikcr. Pour on wane waU?r, and stir 
the whtdo for some time ; fin standing, the im^tallic jwir- 
ticles sink ctuickly, so that, if the water Ik* jHiunsl off aftiw 
a short time, the (jfip|M?r will be foiiiifl ns a |K»wder at^ho 
bottom of the beaker, ami may be re<*f>gnimsl by th«* efffs^t 
of adding a few drops of nitric aei<i. Iron c4mi|Kiitnds 
may be similarly dealt wdtli, ami the iron partichm arc 
readily detected hy means of a magnet. 
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SEblimation. — Tako somo ammonium carbonato, and 
placft a small ipiantify in tho bulb of a bulb tubo. Iloldinf? 
tin* stoiii of till* fiibf* with a pair of i ruciblo ton^, boat 
tho siibstaiic^i* in tlio liniiHott tlamo. Tt jjfi’adiially disappoars 
from tin* bulb and condonsoH as a trhife Huhlitnnh in tlio 
ii])])or part of tin* tubo. • 

To test the solubility of substances.— (I ) Tako somo 
Epsom salts, and with a spatula phn!o a very small 

quantity of it in a dry tost tubo. Half fill tlio tost tube 
with watf^r from tin* wash-laittlo, usin^ tho jot of water to 
wash all tracios of tho salt down the sides of tho tubo. 
Clo-io tln» tubo with tho thumb, and shak<« up tho solution. 
It will then hr* found that all tin* substanee has dissolved. 

(2) Tako a small (piaiitity of lead ehlorido, Pbt'h, and 
attempt to make a solution of it in the way tleseribed 
above. It will bo bmiid that this salt does md dissolve 
readily in <Mdd water. Now hold tho test tube in the 
Hunson flame so as to boil tin* wat<*r. The lead ehlorido 
soon dissolves, and a eh'ar sedution is obtained. Allow 
this solution to stand and cool — the lead ehlorhlo a^iin 
ervstalli/t*s out, 

(3) Take some calcium hydrate and attempt to make a 
solution as above. It will be found that this substance is 
apparently insoluble in both ln»t and <*<»hl water-* Take 
s«ime r<^l litmus paper ainl test the solution, it will be 
foutnl to ^ive a stronf^ alkaline reacti<»n, thus showing 
that a solution has been obtain<*d, and tlnit (*al(‘ium hydrate 
is slightly solubh' in water. Also, plaice a ft*w drops of the 
solution on a pie<?e of clean platinum hul and heat over the 
Hu%:sen tiumo. A small white sjKH‘k is lc*ft on the hiil, 
allowing that the solution irontaineil some soli<l substance. 

(4) Take some pun* calcium carls mate and treat os 
almve. It will be found to be insoluble in water. Take a 
frosli quantity of the substance in a tc*st tulK* and |>our in 
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sumo dilute hydrmdilorie arid, IIOl. The t^arhoiuito niiitdly 
di8.s«dvoH with efferveneence^ earlnmic acid (’Oj, hoiii^^ 

ovolvwl. 

Pr 6 Cipit%tioil in tho basis of testing in th<* wot way. 
One of BortlniUot’s laws of douhlt* (hMM>in|Hmitiou may !>o 
onunoiatiHl thus : — • 

“Two substaiioos in sulutitm will always <loot»tn])oMo 
onoh othor, if it b»^ possibh^ by doublo dooom posit ion, to 
pr<Kluco anothoi* substance loss mdublo than oiihor i»f tho 
original substano(*s.” 

This law oxpr^'ssos tho prinoiplo td tosting by jmHMpi- 
tatioii. For oxaiaph^ tako a s4»lutioti of barium ohlorith* 
in a tost tiibo and add to it a small <[Uantity of a K<»lution 
of niugnostum sulphato, MgSO*. Tho following dotihlo 
do<x>miM)8iti<»n is [lossiblo : — 

Ba( 'U + MgSOi = BaSOt 4- Mg< '1|. 

Now barium sulpluito, BaSO„ is <|uito insoluhlo in water 
and acids, and thorofon* tho reaction takes [)lact*, ami a 
white precipitate of lhiS(b is pnaluced. 

TJiis react i(m now furnishes us with a t»^st for tho 
dotoethm of barium compounds, and of siilphatoH; for 
tho tost is based <#n the insolubility of HaSO„ and may 
thorofcipe indicate Ha or lliSO,, but has nothing to «lo 
with Mg or llf'l. A <onsideration of the remrtirm given 
below will further explain this: — 

Ba(N<b), + NmSO. = BaSO* -f 2 NaN( V 

Hubstiinces employed in syslc'iimtic analysis for the 
<lot*H'tioii of other HubsttiiiceH are calhsl ^ 

ISolutifUiH of gases <»r of solids, with other liipiids s#i 
cmploytsl, are calhsl irrf “ reagents; thowr us<sl in the 
mdid form, “i/ry ” rf.*agcaits. Holuthitis as wet naigeuts 
tdiould n(#t Im too e^incc^utrab^d. 
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Filtration. — To fold a filter paper — If, as is usually tho 
caH<% tho ])roc:ipituto is rm|uired as well as the clear liquid, 
an onlinary plain filter answers best. In cases where the 
amount of precipitate is but small, and the filtrate is the 
jwrtion desircnl, a ribbed or foUbnl filter should be used, 
as tho liquid flows through subh a paper much more 
quickly tlian through a plain filtc^r. 

To fold a plain filter . — Take a cinailar piece of filtcr- 
ing pa])or of tho rtH|uisite size, and fold it in half. 
Then again fold it in half, so as to form a (|uudrant. 
Now opcm it in such a w'ay that a cone of paper is fonued 
having one thi(;kn<*Hs of paper on one si<lo an<l throe tliick- 
nessoH on tho other. Take a plain funnel (i.e. not a fluted 
one) having an angle of 60^ at tho apex, and fit the filter 
paper carefully into it, and moisten tho paper with water. 
Tlie paper should bo in ^nintact with tho glass in every 
part, and ought in all cas<»s to be small enough to go 
entirely into th(» funnel, and leave a small jKirtion of tho 
glass uncovercsl all i‘oun<l its iqjper (slge. 

If, as somot Lines happens, the angle <»f tho fuuntd is not 
exactly it will bo found tliat the* paper w'ill not fit 
a(M!urutely to tho glass. In this case, f(»ld tho filter jaijLor 
tho scHHjnd time, not exactly in half, and ojwn tho smidler 
or larger side actumling as the angle of the f unuek is loss 
or great(»r than 

A little curc^ in folding and fitting tho |uii>or to 
tho funnel is well nqiaitl by the gi*eater rajiidity with 
w'hich tho li<piid will flow' thi\>ugh ; and, sincMi filtra- 
tion is the lULLst bnlious o|>enition in analytical work, 
anyo means by wrliicli it can be facilitatetl is wx»ll w’ortli 
attention. 

Certain pnHiipitates — r.y. silver ttlilorido — ^filter easily 
and rapidly in tlio usual way, whilst others — e,p, ferric 
hydrate — ^fUtcor very slowly by the ordinary method. In 
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onier to ineroaso tho rapidity of filtrtition in Much 
tho following arraiigoiiient may 1 k> usimI : — 

The funnel and filtering pajier are arraiigtMl as already 
described, but, instead of allowing tlie tihrati* to <lr<ip 
directly from the funnel into the test tube or t)ther vi*hh<'I, 
fit to the lower end of the fuunt'l, by inoaus of a short 
length of indiarubber tubing, a pi«HH^ of narrow glass 
tube bent round upon itself, near its uj»j>er extremity. 

The bond insures that the licpiid shall out indy fill the 
tube, and there is -tlierefore foriiuHl an unbroken eoliiuin 
of liquid in the lower part ^»f th(‘ tube, and lliis column 
by its weight, rediuies the pressure on tiu* lower sidt* of 
tho filter tMijH^r, and lumee very greatly iiu^reast's the rate 
of filtration. 

In using this arniiigemeiit it is important that the 
|»j>er should fit cdosely to the funnel, otherwise (rhunuels 
are formed for the admission of air, which, of c«mrs«‘, 
altogf*ther spoils the action <if the long tube in nnliu'ing 
the prosKun' below the pajwr. The tube sliould be of as 
great a length as tlie fijtf*r-stand will alhav, hut a length 
of a few inches has a nMaarkahle elbn^t in acM;eleraiing 
filtration, esp<^‘ially <if gelatinous ja^sipitates like ferric 
hydrate, a prciripitate which it is most tislitms t<i lilter 
by ordinary meuus. 

In making tlic* bond in the tube, it will be? found lamt 
to heat tln^ tube at the pnqsT place in a large flat flame, 
and, holding each end of the tube in tin* fingers, whon 
tho jK>rtion hi the flame bisr4imc*s quit«* soft, to bring 
tho hands near tog<jth«»r, at tht? mime time giving omt 
hand a alight twist. A lo<ip will thus Y>e foniKsl, iit a 
similar maiini*r t<i the forming of a hsip in a slmrt piotm of 
string, if it l>o held by one hand at ifiwh entl and tho 
handa bo thf»n bniught neuror t4igc»tlmr. A littlo |nracttoo 
will make thitf clearer thiui any aiuuunt of deiarription* 
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To fold a pleated or folded filler paper , — Take a circiiilur 
pio(;o of iiltorinj^ }>apor and fold it in liulf, tlion u^uin, and 
again in half, thon opon mo that it.s outline in a Mmuicirede ; 
the miaftOM PIhkIuchI by other foblingn are merely to 
mrve an guideH. Then, beginning at the Htraight side (i>. 
the diameter of the crirele of whhdi tiie jmumt now fonuH 
half), f<ild the jwiper from th<» centre to tlie cinaiiiiference 
ttH far as thc» firnt (Tease ; thi»n turn the wh(»le jmper over, 
and f(»ld the foldiHl ]iortion back an (*<|ual uimaint on the 
otluT side ; and ho on, until the whole paper is foldiMl into 
a H(»(!bir-Mhaped pie(*e. Press the paper well so as to render 
th(^ (irettses distinct, and tlum op(*n it. A (conical, pleabsl 
lilter will thus be formed which, when sui»|M)rted by a 
funmd, will allow a li<|uid to flow through with great 
rapidity. 

Filtration, — Take a solution of barium chloride 
and add a solution of mMlium carbonate, NttaCOi, slowly, 
and finally droji by drop, until no further precipitate is 
formed. 

Fit a lilt(T-paper int«» a fuiiiu*!, and moisten it 
with a jet of water from the wash-bottle to make it fit 
closely to 1h(» glass. Th(»n su 2 >port the funmd on a 
suitabh» stand, and, having plaiHsl a test-tube or small 
beak(*r b<dow to receiv(* ihi* filtrate^ pour a poilion^if the 
(jontf'nts of tlu' b'st tube gently on to the si<le of the 
tilter-imp<T, taking cart not b» fill it loo full. AVhen 
this |K»rtiou has filtensl thniugh, add another |K>rtion, 
and so on until the whob^ is liltennl. 

To waeh the pmapitate on tiu* filter-paper, dirts?! a j(*t 
of ^ater on t<» it so as to wash it down into th(» ajM*x from 
the up|HT cslge of tin* till up with wattT, ami allow 

to stand until this wat4T has all iiltiTisl through. Then 
HU up again Mineral times until tlie washings show no 
alkaline reaction. 



IXTIl<M>r<mO!f Tt» «Y«TKMATU' ANAI.Y^IH. 


145 


Teitiiig folnbility of prodpiUtot.— Tako a lunall 
quantity of a M^lution of niUor An:NO„ diluto it 

with wator, and a«ld diluto hydr«M’lilt»nr tu*id, 1101 ; a 
wliito runly pm i[»ituto of nilvor ohlorido, A^1, iMohtainiMl. 
Add a .H4»liitioTi (if ainn^mia* AiiillO, in oxvvhh^ and ahako 
up tho mivttin' : tho pmMpilatt* tliHi»olvi»H, Kltowin^ that 
is wduhl*' in Ainlln. 

This i^ a i'oiiv*‘iiiont luotlnwl <»f |in»roduro appliraldo in 
ino«t onlifiarv <‘as«s )*ut it i» sono^timos advisahlo t<» 
wparato tlu» pr«‘< ipitut*' fr<»m tin* m lotttpunytnjj;: li<|uid. 
This <-nn hi* don#* tliorouj^hly hy hllmtion and wuNhitijif, 
hut iiioro r<'adily thus -All**w tlo‘ pris ipiiatf to Huhniilo, 
p<mr off tlio liquid and till u[» with wator. Afonin allow 
tho pro< ipitato l«» s<*tth* d«»wn aii<l pour <»ff tho wator. 
Kf'poat thin oiu*** or tvuio. This lufthod cd washing hy 
d0<'anta(ton is applirahlo only to hf*avv procdpital<'?», 

Tako, for l•\aulp^■, a < rvstal or two cd eoppf'r aulphato 
in a th*an to»t tulu*, an«l di'*solvf in about *i0 c'.c. of dia* 
tillod wator. Add a fow dnqn of hy<}r<Kdilori(^ arid and 
then pass a hIow Ktreatu of huhhl«*H of Hiilphurattotl 
hydnignn through the liipiid as long an any (diarigo tunmin 
to he pr«Mlure<l. Fill up the tube with water, and laul; 
the black precipitate will Mfparate fairly readily and we can 
then ^ur off the top licpitd. K<q>eut the waaliing once or 
twice, finally jMiuring away from the prcM'ijaU&U* on much 
of tho liquid on ponaible. Now* add a few dropa rd dilitU^ 
nitric acid and w arm gently ; the pn^ ipitate will diaurdve 
to a clear bluish solution with |mrhaptf a ycdlow globule of 
aulphur floating in it. Pour off from the tuilphur in^i a 
amall teat tube, and divdde inU} two pirtiona. In the 
ordinary courao of eventa, tho proci{>itat<y obtained writh 
ffolphurettod hydrogen might c^mtain either lead or OOpper ; 
we accordingly teat the nolution of the precipitate for both 
of theae. To one of the {Kirtiona, add a few dro(Ni of 
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dilute sulphuric acid and a bulk of methylated ^irit 
equal to that of the solution. (Note that only as much 
dilute nitric acid should be used for dissolving the black 
procdpitate as is absolutely necessary.) Shake well — no 
wliite preciipitate of lead sulphate will be obtained ; 
lieiMre lead is absent. To the oflier j>ortion n<ld a few 
drops of animonia solution ; a fine blue colour is obtaincnl^ 
indicating the presence of copper. By washing a heavy 
precipitate and decanting off the wasliings, inucli of the 
time which would be occupied by teclirms filtrations can 
bo saved. 



gulphurattad hjdn>gea.->Tlus is l>ost used in the form 
of gas, though a solution in water will suflioe if the 
apparatus for the manufacture of the gas be not readily 
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available. The betit form of api)aratus contiistii of two 
bottler with neclcH in the wcle, amnected tofi^thor by a piece 
of indiaritbiier tubing. One bottle in partially (alnml 
half) filleil witli a mixture of fniginenti^ (»f iron Hulpliide 
and ghiAH niarblen, the latter being UKe<l to allow of a fnm 
paHMiige of a liquid in tl^^ interntict^H betw<H'ii the |ti«HM>M (»f 
iron Huljdiide; tlu* ntlier l>ottle crontainM dilute liyditK^ilorie 
acid (i»no of etrong acid to alwmt two or tlire<» of water). 
The upjior m«k «if the bottle containing the irt>n milphide 
is ftttetl with a <^)rk carrying a tube whuih is bent at right 
angles, and litt^Hl either with a ]iitH‘e of iudiarubber tubing 
and a pmch-cock, or, btuter, w ith a glass HU>[eftHjk. When 
in use, the acid Ixittlo is raiscHl on a block and a piece of 
straight glass tube is fitted, by means of a aliort length of 
indiarubber tubing, to the delivery tube of the other 
Imttle, and the flow’ of the gas goviweti by the siop-cHM^k 
or pinch-cock. When not in u»m', the |M.Mition of tht» 
IxHtloft is reversed, when the acrid runs away from the iron 
8ulphid<s and all mrtion ceases. This arrangement is 
show’n in figure 37. 

The following should lie taken as the golden rules of 
anidysis : — 

Vse small quantities of the substance to ho tested, oven 
if you have a largo stock of it at your dis|K)saI ; otherwise 
reactions will often be masked, es{>Q<!ially those jierformod 
in the dry way. If you liave only a small allowance, 
treasure it, and always keep some in reserve. 

Work systematici^j, avoid making random shots, and 
record your proeoisei and rotults in an orderly way. 

So not assume what you think ought to have Imp^ionod 
if it not ; the basis of your ex|KMTtatioa may brr 

erroneous, and in laboratory practice should lie confinnod, 
though it is foolish to follow up an unsatkfacUiry result 
in an examination. 
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Make a note of leeniing diierepaneiee of results : you 
will probably find the explanation later. 

Get lome one to test you frequently : any one may do 

this rouj^hly by fumiHhin^ you with a numbered test tube 
or pm^lcet, of wliitOi the ecmtents arf* known to him. 
Uemember Uiiit it is [»f'rmiHsi}»le*for an examiner to try 
your skill on a base or an aeid alonr*, or (^ven on aqua 
purmima. 

Keep your test tubes and vessels scrupulously clean. 

Wash them and your })latinum w’irc» at the end of your 
work each day ; try the wire alone in the fiame befor(» 
UHin(< it. 

Be exact in carrying out the directions given. 



(’HArmt VII. 

SYSTEMATIC ANALYSI . 

When u sul>stiinco is g'ivcn fornniilysiH it hIiouIiI lirst ho 
cxiiiairKMl in the <lrv wav I)y the tests ileserihisl on pji, 
141)- 152. If the KVihstance is u noliil a solution <»f it should 
next be made as d^’seribcMl, j>|k 15:{-154, and the variiuis 
rc*a^eiits appIicMl in the order j^iven in the tahl<% p. 155, 
and afterwards the metals eontiriiKMl by the tests ^iven on 
pp. 157-1(51. An<»th(<r portion of th«< siibstaiiee should 
be exaiiiiiuHl for tho a<‘i<l by the methiMls ^iven on 
pp. 15(5, 157, ir>l-l(53. 

Preliminary Examination in the Dry Way. 

If tho substance is in solution, a {xirtion should be 
evaporated to drynoss on a water- bath while the examina- 
tion in^tho wet way is >»eing procewUsl with. The residue 
after evaporation should then bo oxumincKl as l>elow, 
I.— VII. 

I. Hote the general phyeioal oharaoteriftice of the 
snbstanoe. 

On this {siint the j^revious ex|Kjri*»iice of the Miiiderit 
must l>o his guide, and for this pur|s>se he should noteahe 
apjieaiuncc, colour, lustre, ciystallino form, of ail 

substances with cdoarly markcsl c}iarai>*teristicH which cunii^ 
under his notice. It is useless to give any list of such 
substances, as they must I»e seen to Iky itYcognised. 
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n. Heat a smaJl portion of the powdered snbetaaoe in 
a bnlb-tabe in the Bnnsen flame. 

Observation. Inference. 

1. Th 4 iuh$tanes ftuei and so- Salts of the alkalies or 

Udifieu on cooling. alkalme earths. 

2. The ivhstance ehangn colour — 

(a) YeUoie while hoi^ white I 
on cooling. ) 

(5) Dark red while hoi^ gel- \ 
lowieh brown on cooling. ) 

{c) From yellow to reddUh \ 
brown while hot^ gel- f 
low when cold^ fusible ( 
at a rod heat. / 

3. The mbetance give* off water Salts eontaiiiiug water 

with or without fueion. of crystallization. 

4. The eubttance volatilizee and NII 4 . 
condeneee ae a euhlimate in the 

upper part of the tube — 

6 . A gae ie evdved — 

(a) 0 (tost with glowing Nitrate's. 

8 ])linter). 

(5) Brown fumes of N, 04 . NitraU^ of luuivy metals, 

e.g. Ph, Oil, etc. 

yi. Heat a small quantity of the snhstanoe in a test 
tube with a little dilute Hd. 

Observation. | Infkrjcncs. 

A gae ie ecoloed — | Carbonates. 

CO, (lime-water test). ! 


ZnO. 

Fo,0, 

PbO. 
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IV. Heat a portioii of tho tabtianoo on oharooal in tho 
inner blowpipe flame. 

OfiaBRVATlOM. Infkrknoic. 

1. Ji dscrepitaieM, KC’I, KNO,, oU!. 

2. It fmes and sinks into tho K(1, KNO,, ot 4 J. 

charcoal, 

3. It dr^aprates. NitmU^n. 

*1. A H'hiU mass remains^ highly i ZiiO, OuO. 

luminous tchiU hcaUd. 

5. The cold residue of I when ! ZnO. 
moistened with cobaltous nitrate^ 

Co(NO,)a and strongly heated^ is 
coloured green. 

6. A coloured residue is left on (;u, Fo. 
the charcoal, 

7. An incrustation is formed on 
the charcoal — 

(a) Whits iucruBtiitiou* Am. 

(5) Zn« 

cold. 
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Y. Xix a portion of the substance carefolly with fosion 
ttixtnre and a trace of XCy» and heat on charcoal nnder 
the inner blowpipe flame. 


1. 


Obsebvation. 

A metallic head u obtained. 


Ikfebence. 


A white malleable bead w'hich | 

pb. 

marks paper {yellow in- 
orusiation on charcoal). 


2. Jted in/ueible ecalee. 

Cu. 

3. Magnetic metallic particles. 

Fe. 

4. When the fused mass is placed 
on a bright silver coin and moistened 
with a drop of water ^ a black stain 
of Ag,6 is produced. 

Sulpbutoh. 


YI. If the substance is coloured, heat on borax bead. 


I 


i 


<)118KUVATlON. 


Oxidizing FUttHt. Hefinrtng FUtpne. 


Ydliiw (fold), l»n»wn (hut). Dirty pn'tjii, olive. 
Uroen (hut), blue (fold). Colourleiw or rod. 


Blm*k (ti>o much of the subtiiMife ha» usud;. 


iNKKKKNCE. 


Ff. 

Cu. * 


YII. Hold a piece of the substance moistened with HCl 
on the loop of a CLEAN platinum wire in the Bunsen 
flame. 

* l. Tlu> lluiiit* U rfW<r/, K. 

2. „ ‘ „ oranife-redy Ca. 

3. „ „ Cu. 

4. .. „ blue, Pb, CuCU. 
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EXAMINATION FOB BASE. 

Preparation of Solution. 

1 . If the substance is solid, it should bo finely powdered, 
then try its solubility water, (i) cold, (ii) boiling. 
If insoluble in water, try first dilute IlCl, then oonoen* 
trated HCl. If insoluble in HCl, try a^ua rtgia. 

Note , — It will generally be found unnecessary to 
employ aqua regia^ but, if used, the solution sliould be 
evaporated to dryness with excess of 11(1, und the residue 
dissolved in warm water before procecHling with the 
examination. 

2. If the substance is insoluble in the above solvents, 
pow'der it very finely and mix thoroughly with hv»‘ or six 
times its weight of pure fusion mixture. I h at the 
mixture on a boat made of a large pir^M^ of platinum-foil, 
first over the Bunsen fiumo, and then <ivor the blowpijK). 
When cold, treat the foil and the fuscMl mass with boiling 
water until the whole mass is oomph^tidy broken up and 
separated from the foil. The Molution now (‘oiitains the 
acid of the substance combined w ith K and Na, while the 
residue contains the hw^e as an oxide or carbonate. FilUT 
off and^w'ash the residue w ith hot wuUt until tint washingM 
give no alkaline reaction. Then — 

(a) Tost filtrate for acid^ os diro<.'t<'4l in (^xuniinatton for 
acid. 

(5) Test residui* for bas<j by di.H.s«dving in dilut4* ll<*i 
and jirococMliiig us detailed below , 

3. If the substance is provided in stiluliou, or in soluble in 
water, test with litmus pajier. If the reaction is — 

(a) Add, Free acid, acid salt, or a normal salt having 
an acid reaction, may be present. 
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{h) AUuMiu. Free alkali, or alkaline earth, or a strong 
alkali KOH united with a weak acid— H|CO, 
may be present. 

(«) Ntutrd. Water, or one of a large number of salts, 
may be present. , 

When the solution is prepared, the examination must 
be carried on in acconlance with tlie following table. 
When the base is found by this method, its presence 
should be furtlior confimied by the siMwial tests given in 
pp. 167-1()1. 
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EXAMINATION POE ACID. 

In testing for acids, the student should be guided by 

(a) The results of the preliminary examination. In many 
cases the acid will have been detected in this examination, 
and it is only necessary to confirm the result in the wet 
way. 

(^) The result of the examination for the hose. The base 
being now known, and the properties and solubility of the 
substance being determined, the field of search is often 
considerably narrowed. If no acid is found, the substance 
may bo an oxide or hydrate, and here, again, a knowledge 
of the nature of tlio base helps to decide whether such a 
compound is likely to occur. 

A knowledge of the commoner com|X)und8 of each metal 
is often suggestive, but it should not encourage random 
shots. 

Preparation of Solution. 

1. The substance is in solution or soluble in water. 

If metals of Groups I. or II. be present, remove them by 
boiling w*ith a slight excess of pure sodium carbonate, 
filter, and use tlie filtrate for the examination for acids. 
If Groups I. and II. be absent, use the original solution. 

2. The substance is insoluble in water^ but soluble in acids. 

Boil a |H)rtion of the solid with a strong solutiov of 

sodium carbonate, filter, and use tlie filtrate. 

3. 2'he substance is insole^. 

Tn^it as di^TilsMl for the pn^i>amtion of Uie solution for 
the examination fur liamm, using the aqueous filtrate. 

Before adding tlie rf^ngents, ©xa<rtly neutralize a |Mirtion 
of thoi solution w ith UNO,, or, if acid, with ammouiu. If 
the solution has bcHUi boilcWl with sodiuiu carbonate^ the 
liquid will be strongly alkaline. In this case, make it 
dikinotly acid with HNOa, boil to expel COt, and then 
neutralize again with ammonia. 
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Test and Obskbvation. Infbuence. 

1 . To neutral eolution add BaCls . 

IFhiU precipitate, imoluhle in Presence of HsSOi. 
HCL 

White precipitate, eoluhle in Presence of HaOOa. 
HCl, dissolves with effervescence. 

2. To another portion add Pre8on(*e *>f 1101. 

AgNO,. I 

White precipitate, insoluble in j 
HNOj, soluble in NII|. 

If no precipitate is produced by i 
BaCla or AgNOi — j 

3. To a portion of solution add a ■ 
solution of FeSOi, and then pour \ 
down the side of the test-tube strong ^ 

IlaSOi. See Note, p. 

A5rotrartny formed at junction , UNO,, 
of fluids indicates I 

LEAD, Pb. 

Solution— Lead Nitrate, Pb(HO,)i. 

1 • jGhroup-reagont, IICl, gives a heaeg while ergstalline 
precipitate of load chloride, PbCl, : suluhle m hot water, but 
crystallizing out on cxsiling; insoluble in ammonia, N<» 
precipitate is formed in dilute solutions. 

2. Potassium chromate, KaCrO*, gives a bright yellow 
precipitate of load chromate, PbCrO« : insoluble in dilute 
nitric acid and acetic acid ; soluble in s<slium hy|^te, 
NaHO. 

3. Potassium iodide, KI, gives a golden yellow prrK;ipitate 
of load iodide, Pbl^ : soluble in boiling water, but crystal* 
lining out in brilliant irridescent scales on cooling. 
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COPPER, Cu. 

Solntion— Cnprio Snlphate, Cu80|. 

1. 11,8 gives a brownuh-hlaek precipitate of cupric 
Hulphifie, OuH : insoluhlo in hot dilute sulidiuric acid. 

2. Amiiionia, AmHO, or amnionium carbonate, Am,CO„ 
when added in small quantities, produces a greenUh-hlue 
precipitate of a basic salt, which is readily dissolved in 
excess of the reagent, forming a splendid Mure-hlu$ liquid ; 
this coloration is easily perceptible, even if the solution 
contains only slight traces of copper. The blue solution 
contains ammonio-cuj>ric sulphate, (NH,),Cu''S 04 . 

3. Potassium ferrocyanide, KiFeCys, gives a reddith^ 
hrown precipitate of cupric ferrocyanide, CuiFoCy,, in 
neutral or slightly acid solutions, but not in alkaline 
solutions. A hrownink colour is produced in very dilute 
solutions of copper salts ; it is best soon when the reaction 
takes place in a watch*glass placed on a shoot of white 
IMiper. K^FoCy, supplies one of the most delicate reactions 
for copper salts. 


IRON {Forric), W. * 

Solution— Fifrio CSiloride, Fo,Cl«. 

1. Ammonium hydrate, AmHO gives a rMioh-hr^n 
precipitate of ferric hydrate, Fo,(IiO)«. 

2. ^Potassium ferrocjranide, K^FeOy,, gives a dmrk him 
precipitate of /VattMii Fe 4 (FeOy,),. 

3. Potassium ferricyanide, K«Fe|Cyi„ gives as precipitate, 
but a i$op gruu (9$rg diiuU opimlimt) or kmm eohrmiim. 
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ntON Fe^ 

8olatioii<~Ferroii8 Sulphate, FeSO|. 

1. AmHO gives a l/pht eolound prec^ipitute <»f femiiiM 

hydrate, Fe(HO)„ which rapidly turns dirty and 

more slowly reddUh-hrown^ by reason of the absorption of 
oxygen: complete precipitation of ferrous hydrate by 
AmHO is prevented by the presence of ammonium salts. 

2. Potassium forrocyanido, K 4 FoCya, gives a hluiMh-whih 
precipitate, which speedily turns blue by absorption of 
ox3rgen. 

3. Potassium ferricyanido, K«FO|Oyit, gives a dark hlun 
precipitate of Fe,Cy» 3 Fe(^y, ( TurnhulTi bltu), ( DiMtinetiatt 
from ftrrie ««//#.] 


ZINC, Zn. 

Solution— Zinc Sulphate, ZnSO«. 

1. AmJS gives a whit4 precipitate of zinc sulphide, ZnS 

2. Sodium hydrate, NaHO, precipitates zinc hydrate, 
Zn(HO)i, as a whiU y$latinou§ precipitate, soluble in oAmms. 
Addition of Amd does not roprecipitaU) the zinc hydrate. 

3. Potassium ferrooyanide, K 4 FeCy», gives a wkit$ pre- 
cajatate of Zn,FoC^« ; insoluble in dilute acids. 
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CALCIUM, Ca. 

Solution— Calcium Chloride, CaCl,. 

1. Ammonium Car))onato, Am|CO, givos a white pro- 
cipitato of calcium carlionatc, CaCO,. 

2. Ammonium oxalato, AmjC^jO*, give a white powdery 
procipitato of calcium oxalato even in very dilute 
solutions. The procipitato is insoluble in acetic and oxalic 
acids, but is readily soluble in nitric and hydrochloric 
acids. 

3. Dilute sulphuric acid or soluble sulphates give, from 
concentrated eolutionSy a white procipitato of calcium sulphate, 
CaSOi, which is slightly soluble in water. 


AMMONIUM, HH4(Am). 

Solution-- Ammonium Chloride, AmCl. 

1. Platinic chloride, PtCU, produces in noutraf and 
oonoentratod odd solutioiLS a deme yellow precipitate of the 
double chloride, PtCU . 2 AmCl. 

2. Add NaHO or KIIO, and heat gently. Ammonia, 
NHa, is given off, and is readily recognised by its smell, 
action on litmus paper, and by fuming when a glass rod 
dipped in Hd is brought near it. 

3. Heat some dry ammonium ohloride in a test tube : a 
white subUmate is formed in the upper part of the tube. 
All ammonium salts are volatilised or deoomposed by heat. 
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POTiJSSIUM, K. 
Soliitioa--PotaMiit]ii Chloride, XCl. 

1. Place a few drops of the solution on a watch-glass, 
and add to it two or three drops of platinic chloride, PtCli, 
a little Hd, and then a few dit>|>s of alcohol. If the 
solution is concentrate^ a tkmu yellow cryetMne precipitate 
of the double chloride, PtCl^.^KCl, is at once fonu^; if 
the solution bo dilute, the precipitate is obtaiiieil only after 
some time. In this case, if alloweil to stand (|uietly 
for half-an-hour or so, a yellow crystaLlino prtHipitato forms 
on the bottom of the glass, whowj it is readily det«K!ted by 
stirring it with the |K>int of a thin glass rtxl. In very 
dilute solutions no precipitate is obtainiHl. 

2. Tartaric acid gives in concvntratiMl neutral or slightly 
acid solutions, a white crystalline pieeipitate of cream of 
tartar. Shaking or stirring favours the precipitation. 

3. Potassium compounds colour the ilame riolet* Owing 
to the presence of traces of mKlinni in all |H)tassium salts, 
this flame test is nut alw'ays distinct. By hioking at tlte 
flame through a piece of blue cobalt glass the [Hitassium 
flame can be distinguished in the prostmce of tlie Midium, 
but this method is not very reliable, and, unleiis the 
potassium flame is very distinct, the prosenoe of this 
elemsnt will need careful eonflrmation in the wet way. 


8UI.PHURIC ACID, HJW*. 

Sointfam— Petaasiiim Sulphate, K18O4. 

1. ^Barium chloride, BaCW, gives a heavy white powdery 
predlptate of baritim sulphate, BaBOi, insoluble in H0L 

2. Lend acetate, P^CtHtOt)}, gives a heavy white pre- 
43 tpitalc ot lead sulphate, 


« Use Btfiam Nitrite Bs(KOs)s if 

JT. m. Pnw. 
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HYDEOOHLOEIO ACID, HCl. 

Solution— Sodioni Chloride, NaCl, 

1. Silver nitrate, AgNO,, gives a ufh‘U curdy precipitate 
of silver chloride, AgCl: insoluble strong lx)iling nitric 
acid : soluble in solution of ammonia. 

2. Mix with MnO^* and H1SO4, and heat : chlorine gas 
is given off, and may be recognised by its colour, odour, 
and bleaching action. 

3. Strong sulphuric acid, when added to a strong 
solution of a chloride or to the dry salt, produces acid 
fumes of HCl. 


CAEBONIO ACID, H,C0,. 

1. All carVionates are decomposed by dilute acids with 
the ovulution of CO,. This may be detected by suspending 
a drop of lime water on a glass tube over the gas, when 
the drop soon turns milky. 

Vote. — Acid carbonates, or bi -carbonates, evolv'* 00, 
on boiling, and are converted into carbonates ; r.y. 

2 KHCO, = 'IK.CO, + CO, + H,0. 

2. Add NaHCO, to a solution of MgSO, ; no precipitate 
is formed, but on boiling the solution a white precipitate 
of ,MgOO, is quickly formed. The normal carbonate, 

gives a precipitate of MgCO, at once. 

* Commoii UnOi frequftntly contains ckUnrine ; the beat ia **noadle*^ 

or naitee manganese.^* 



STmOIATIC AXALTSIS* 


m 


NITRIC ACTD, K 1 | 0 ,. 

Solntioii— Potaniiim Vitrata, XVO|. 

1. Take a weak aolution of the nitrate, and diseolvo in 
it a crystal of ferrous sulphate, FoSOa. When quite cold, 
pour into the tube enough oonoentratod H1SO4 to form a 
distinot layer at the bottom. A deep purple or brown* 
coloured ring will appear where the liquids meet. 

Vote. — When the addition of FcSOa pro<luoes a pro* 
oipitate (s.y. with lead nitrate), a portion of the solution 
should be boiled with sodium carbonate, then tllterod, 
oonoentratod, and the filtrate aoidifiod with dilute H18O4. 
The test may then be applied to this solution which 
contains the acid as sodium nitrate, the base having been 
precipitated as a carbonate. 

2. Heat with concentrated sulphuric acid and copper 
turnings: nitric oxide, NO, is g^ven off, which biK*<imes 
nitric peroxide, N1O4, in the upper part of the tube from 
absorption of oxygen. 

3 . A nitrate heated on charcoal deflagrates. 

Vote. — All nitrates are soluble in water ; hence we have 
no precipitation reactions. 


On the following pages wdll bo found s<»me intKlel 
analyses. These the student should study us a guide to 
the best method of writing out the results of his work. 
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Chapter^ and a Chapter on Chemical Calculatiom, 

BT 

O. H. BAILEY, D.Sc. Lond., Ph.I). ILjcidklbbuo. 

KBITKD BV 

WILLIAM BRIGGS, M.A., F.C.S. 


PRESS OPINIONS. 

**Thi8 book is clearly wiittcfi, aiid most of the statomonts ara 
illustraied by well-planned and dets^rilsMl exjMtriiiienU.” 

**Tb6 Tolume is ono of the best nublis}u«d ns n propnnitton for tho 
Elementary Examination of the ikionvv and Art l>««|surtinent/* 
— TeaeKeiV iionihitj. 

** It is an admirable book, lucidly written, well airaiij;^, and 
iUustratod. AJI through, instructions for practical work are given/* 
— Mia^ional Ttnm. 

**A uorough piece of work. It is clearly and concisely written, 
and will bo ui^ul to young students attending good classea/* — A ‘ 
Qmmdum. 

** A valuable and comprehoosivobook for young students/*— -d 
ABdess/tSfi. 

** This book will be found to bea useful companion in the laboratoiy/* 

of Mieroocopp. 

** Probably the host systematic introduction to chemistry yet 
published/* — I^karmaeeuiuml Journal. ^ • 

This book is a very good one. l*he illustiutioDS are vary eiaar, 
and the eoperimenta to m done are well cdiosen.**— AdessfisM. 

** Agood^ straightforward, and accurate manual, written in sccfinfaf 
with tbs raquitanumts of the Klemanlaty Stage SyUahos d theMw. 
•ad Art DepartuMot.** — d ek aaU n a ata r. 
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OF THE SCJEXCE AXl) ART DEIARTMEXT. 


MY 

GEORGE GEORGE, F.C’.S., 

A-HIKTAHT MAKTIcn AT AIJ.A>* OI.KNV UCHMICAI. '‘fHOOl., UI.AIIIOOW. 


PRESS OPINIONS. 

** I'hc instruotionH iiru dtwr, nnd the book should prove uaoful.'* — 
Mditeatumal Twurv, 

** Quito up to the high stnndiird of the stTieo.** — Knyli*h M^hemie, 
** The Hmuigemont of the nmttor prescril)od in the syllalms is 
.carried out with very eonfddiinible ekill. We ttrongly recommend 
it to toachers and atudentii of subject.** — EdHcmt%oH«i Xetc*, 

** Hound practii^al illustnrtiuns are given of the work nec'eaaary to 
be carried out by atudenta who desire to be successful at the practical 
onpmic chemis^' examinations held under the South Kensiiigton 
.acaemo. *rhe licH>k is oridcntly w'rittcn by one conversant wiUi his 
fubjgci.** — Fhnrmm*Htk«l JoHmal, 

** This is a very excellent work, urhich cannot fail to be of eaienttal 
.service to Bubj^^t XI. candidates, indeed to laboraUnry starts 
generally.^* — /emtlioN. 

M The testa are plainly described, and we think students win ibid 
ihis book a valuable aid to thrir studies.’* — XktVivrify. 
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General mtor: WtLUAM BfiXGfOfl^ KiL.; LL.B,, F.O.S., F.B.A.S. 
CUusieal Editor: B. J. Hatbs, M.A. 

— — • 

The object of the Univeesity Tuxobiax. Sbbies is to provide 
candidates for examinationB and learners generally with text-books 
which shall convey in the simplest form sound instruction in accord- 
ance with the latest results of scholarship and scientifio research. 
Important points are fully and clearly treated, and care has been 
taken not to introduce details which axe likely to perplex the be- 
ginner. 

The Publisher will be happy to entertain applications from School- 
masters for specimen copies of any of the books mentioned in this 
List. 


SOME PRESS OPINIONS. 

“ ' Tb« Uitivt-rMiiy Tutorial Series' should prove most useful to etudente generally.** 
Wntmintttr iUrirw, 

o Uuivvndty Tutonal Series' . . a businesslike undertaking which has all 
the prestige of Spectator. 

"Turned out in a w«irkmanliko way by competent scholars.”— ay Revitw. 
”1*his series has prov.<d Kurvioeable to meny, and is uow well-known for its 
accuracy in teaching elementary principles, and the thoroughness of the aid which 
it ouppliW.”— AVMni/iow.i/ Aertctr. 

** This series is sutvessf ul in hitting its mark and supplying much help to students 
in pl e«r* where a guiding bond is sorely needed.”— youmaf »/ ^duration. • 

” The more w« see of these exoellent manuals the more highly do we think ot 
them.” SrAoatmaMtrr. 

*• The text-books in this aenes arc wall suited to the object fur which they are eo 

oarefttlly pwtiuMPed I’e****# Af«a. 

” This «toeU«nt and widely apprwdaled series.” - JVeeiaaa « dotima/. 

"OleanieM and thoroughness oharaole^ this smias of classics, which will be 

found eminently useful.” hduenttemat T*mc$. tK« 

.. H.V irijijuTti I'AM* the clearlv conoeived ]>lan, the genuine sohularship, and Vne 

Kl33uim.**-- AW*. * 

** Thle netful aeries ot te»t-booka'*— Afafar#. . » ^ 

" Has done eneellont work In promoting higher education.” - Varn.ag 

^Cbm^ndpt Rrttric. 
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Ifttin and 6reeft dtaaaice. 

4ko 4 .) 

TIm Itdlowisf mf« amoiig the editione <4 LATm tuid OhlOUC 
Ctkmm oonUiaed in the VmtKt»trt TirroKtAL end m oa 

the following plea:—' 

A abort iNTMODVCTtoir tgivee an eceount of the Author end Idh 
chief works, the drcumstoiicee under which he wrote, end his style, 
dialect, and metre, where these oall for notice. 

The Tkxt is based on the latest and best editkme, and is clearly 
printed in large tjrpe. 

The distiiu'tive feature of the Kotish is the omisaion of iiaraUel 
fNymages and coutrux^rsial discusasuiui of diflii ttlites, and sirens k 
laid on all the important points of grammar and subject- nwit tor. 
Information as to persons and plaios mentioiud is gnuiped toirether 
in a HirioRfCAL 4Nli OKmuuriifCAL iKDKX ; by this means the 
expense of procuring a Classical IHrtimtary is remiercd uniits iswiary. 

The standard of profl<‘tcnc3' which the learner is assumed to isjssess 
▼ariei in this series according as the classic' dealt with is usually read 
liy beginners or by thoee who have already made considerable ]m>greMi. 
A complete list is given overleaf. 

CMMff. — Oallie War, Book X, By A. il ALLCRorr, M.A. Oxou., and 
F. O. Pl.*i«T 0 WR, M.A Camb. Is. 6d. 

**A dsarlf printed taut, s good introduenim, an sacatlaat ast uf tnifwa, and a 
bj*toriaU and Kcotrraphioal iodca, raakr up a very gt^ud sdltlMi at a vary anall 
pries,”— -J5rA<*<W««i rtf r . 

Oieero. De Amicitia. By A. H. ALLOEorr, M.A. Oxon., and W. F. 
Mas< 31I, M.A. I.fmd. Is. Od. 

Cietro.- De Senectute. By the same Editors. Is. 6d. 

”Tht notfw, aithuusb full, srs dinpls.”-*AdMfan»iia/ 

Horaoi.— Odes, Books 1.— III. By A. H. Allcroft, M.A Oxon , and 
B. J. Havrs, M.A. Loud and Camb. Is. 6d. each. 

"KaU"* wbi^h !««▼« no dUBcuUy unc*plalni-fl ” .v« AWaiartfr. 

**Tbe Notes on Book 1I1.;> are full and and ntitlunf mors can esll be 

demanded of tbem.”— ./oerwef of Xtiurntton. 

Lixy.-- Book 1 . By^A. U. Allcuopt, M A. < ixun., and W. F. Mamim, 
M.A. I>md. initrd Jlditum. 2 s. Ad. 

” The notes siv concise. dwelHns mu<ii on ■rammatii-al points and dealins vtth 
foestionti ut <ry and arcbspologj >n a rtmidv but wUsrestlns fashion.”— 

▼orgU. Aensid, Book I. By A. fl. ALLCEOPT, M.A. Oxon., and 
W. F. Masom, M.A. Lond. Is. 6d. 

Xtnopbon. Anahaeis, Book L By A. H. Allceopt, M.A. Oxfm., 
mid F. L. D. RiCBABDfOB. B.A. Lond. Is. Ad. 

«*Tbe notes ate aU that ooold ks dsOM.*'— dSrAeelsiesfsr. 




TUB VmVBKSlTJ TUTORIAL BBRIMB. 


jeMtioii0 Of Xatm ano i^rccli aiaaatca. 


(IHTBOOUCTIOK, TBXT, kBH NOTB0.) 
marh$d {*) art mi tht pr«tt amd (t) mi pr^p^raiiitn. 


ASKiaTLUa->PiinMa, 3/6; Pro- 
Dietheus, 2/6 ; Septem Contra 
Thobaa, 3/6. 

AaitrroPBaaa*— Baaao, 3/6. 

OA]tMAB-~Gallic War, Bka. 1, 2, 3, 

4, 6, 6, (oaoh) 1/6; Qallic War, 
Bk. 1, Ch. 1-29, 1/6; Gallic 
War, Bk. 7. 2/6 ; Gallic War, 
Bk. 7, Qi. 1-68, 1/^ tlnvuaiun 
of Britain (IV. 20- V. 23), 2/6. 

ClOKKo — Ad Attioum, Bk. 4,3/6; 
Da AmiciUa, 1/6 ; Do Finibita, 
Bk. 1, ^6 ; De Finibiia, Bk. 2, 
3/6 ; •De Officiia, Bk. 3, 3/6 ; 
Pro Olueniio, 3/6; Pro Mi lone, 
3/6; Pro Planciu, 2/6; Da 
Henactiite, In Caiilinain 1., 
Pro Arcbia, Pro Balbo, Pro 
Marcello, (each Book) 1/6. 

DKUOaTHBNSa— Axidrotioo, i/6; 
Meidiaa, 6/0. 

VOBIPiDXa— Alceatia, 3/6 ; Aadro- 
maohe, 3/6 ; Baocoae, 3/6 ; 
tHaouba, 8/6; Hippolytua, 3/6. 

HBMODoroa— Bk. 3, 4/6 ; Bk. 6, 
2/6; Bk. 8, 3/6, 

HoMBE—lUad, Bk. 6, 1/6 ; Iliad, 
Bk. 24. 3/6; Odym^y, Bka. 9, 
10, 2/6; Odym^, Bka. 11, 12, 
2/6 ; i)dymmy, Bka. 13, 14, 2/6; 
Odyiaey, Bk. 17, 1/6. 

EpiaUai, 3/6; Epodea^, 
1/6; Odaa, 4/6; tOdaa and 
ll^ea, 4/6 ; Odea, (each Book) j 

A d AmiM mUifyym 0 ht >€0 


JorKliAL—Batirec, 1, 3, 4, 3/6; 
Ba&aa, 8, 10, 13, 2/6; Satire^. 
11, 13, 14, 3/6. 

LrvT— Bki. 1, 6, 21, (each) 2/6, 
Bka. 3, 6, 9 (each), 3/6; Bk. 
21, Cb. 1-80, 1/6; Bk. 22, Ch. 
1-61, 2/6. 

MRPoa— Hannibal, Cato, Atticus,. 
1 / 0 . 

Orii»-Fiiati, Bka. 3, 4, 2/6; 
Heroidaa, I, 6, 12, 1/6 ; Meta- 
morphoaea, Bka. 11, 13, 14, 
(each) 1/6; Triatia, Bka. 1, 3, 
(each Book) 1/6. 

PLATO—*Apology, tioij, Lachea, 
Phaedo, (each) 3/6. 

SALLUVf—Cataline, 2/6. 

BopnocMa — Ajaa, 3/6 ; Antigone, 
2/6 ; Elaotra, 3/6. 

Tacituo— A nnals, Bk. 1, 3/6; 
Annals, Bk. 2, 2/6 ; Uistoriea, 
Bk. 1., 3/6. 

TKKBIICY—Adelphi, 3/6. 

THOcrnioia— Bk. 7, 3/6. 

Vxiiailr— Aeneid, Books l.-XIl., 
(each) 1/6 ; Eclogues, 3/6 ; 
Georgica, Bks 1, 2, 3/6. 

XsitOPHOli—Aiiabaaia^Bk. 1, 1/6; 
Anabaaia, Bk. 4. 3/6 ; Cyro- 

r eia, Bk. 1.3/6; UeUenica, 
3, 3/6; Hellenica, Bk. 4, 
• 3/6 ; Oeconominw, 4/6. 

F earn 4# s Mai ws d sw mpphetHm. 




THE VSIVEK8JTT rVTOMiAl .SSHiSS, 


llocabttlarlee and treat f>ai»cra. 

The VoCAKiTL^Br contaifu. atrun^ in tha or<i«r ai th# T«il» 
words with which the laemer it likely to be nnemnifaitsd. The 
pri&cipel parts of rerbs ere (when there £i wm diflkoity 

about it) the ytumng of the word as it ocetits in the Test. The 
VfKwlmlary is tnierlsared with writinuT paper. 

Two series of T»r ParBM are. as a rule, prorided, of which the 
flnt and easier series is devoted entirely to translation, aoridenoe, and 
very Momentary points of Hyntax; the second, which is intended iot 
use the last time the book is read lhr«>tii(h. deals with more advnnoed 
jnoitits 

marM (•) mrt m tkt prtn and (t) m prapmtaHm. 


Acre or AlwrLW, I/O. 

CAlfiSAB^-Otinir War. Bks. 1,3. S. 
ft, 6, (each Isxik) I /O : Gallic War. 
Bk. 7. 1/ft. tlTie Invasion of 
Brikiin, 1/ft. 

ClcF.K<K-'De Ainicitia, I/O; file 
Offictii. Bk. 3, I/O ; De Beoeoliite, 
1/0; In Oitilinem 1,, I/O; In 
Catilinani III.. 1/0 ; Pro Arshia, 
1/0; ProBalbo, I/O; ProlTInen* 
tio, 1/0; Pn^ kUrt'eHo, I/O ; 1‘ro 
Uilone, 1/0; Pro Pleooio, 1/0. 

EcuiPinaa— Ion. Bacchas, Hip- 
polytus, (each book) 1/0. 

liBlcoDOTDfr- Bks. 3,6.8, (each) 1/0. 

Bomno-Iliad, Bk. ft, I/O ; Odyssey, 
Bk. 17. 1/0. 

IIOEACB—Episiles, lyO ; Odes. Bks 
1.4. each 1/0; tOdes and Spodas 
IwUh rrsn«ftil««N).2/ft;8aliret, 1 /O. 


Litt- Bks. 1. 3. ft. ft, 0, 81, 88, 
i Oh l.iSl, (ench) I/O. 

Otip— F asti, Bks 3 and 4, 1/0; 
' lleniides, 1. 2. 3. A, 7» 18, 1/6. 

MeUmorphoses. Bks. 11, II, U, 
; each. 1/0 ; Trislia. Bks. 1, 1, 1/0 

I Plato— tlon, l/O ; Lachss, I/O. 

S BaLLOST— (Vtiline, I/O. 

I SoPHOCLXS- Antigoiis, 1/D ; Kleo- 
I Ira. 1/0. 

* Tacitos— A nnals, Bk. 1, 1/0; 
I llistorios, Bk. I, I/O. 

VBBOfL— Aeneid, Bks. 1,8, 8, ft, 
6, 7, ftiJMMsh. I /O ; 8, 10 (inir«thiir), 
1/0; Krlofirues. 1/0; Geoncifta. 
I Bks. 1,2, 1/0. 

I XKirornov— Anabasis. Bh. 1.1/0; 
Cyropaedsia. Bks. 1 and ft, (each) 
1/0; Oeconomicus, 1/0, 


HOfAlrilU. 

AjDKHTLoa — Eumenidea. I/O, ttKMOHTHKjri!a--“txptiiisi, 1|N 

ABl.eTOPH AK W— Vespae. I/O. » PXato- Go«^, 1/0. 

OCKBO ~ Pro Bosdo Amsriiio. ; TiaiBarit-PlMiniiio. 1/0. 

1^ I Tnccrmpiw— Book I., 1/0. 

A dttmiUd 0»Udopir sfteiw mw fts m rnpp HmH mt 




TBB UA’IfSSSITT TUTOMIAL SBMIKA 


latin ant) (Breeft. 

Giummaks akd Rrabebs. 

Tht Tutorial Orook Roador, or Puooemia Geasca. Bt A. Wauob 
Y orve, M.A. Lond., Gold Medallist in daaiios, Assutant Ex- 
aminer at the UniTersity of London. 2a. 6d. 

Tko Tntorial Oraak Qraamar. * [In prepmntwn. 

Xlf bar Oraak Baadar : A CouTHe of 132 Extracts from the best writers, 
in Thiee Parts, with an appendix containing the Greek Unseens 
set at B.A. Lond. 1877-1897 . 38 . 6d. 

The Tutorial Latin Grammar. By B. J. Hates, M.A. Lond. and 
Camb., and W. F. Mahom, M.A. Lond. Third EditUn. 3s. 6d. 
‘*Pr»otiQal nperisno* in teaching and thorough familiarity with details are 
aUtnly rooogniiiable in this new Latin Orammar. Great pfuns have been taken te 
Mring distin<?tlj before the mind all those main points which are of fundamental 
in*poftanoa and require firm fixture in the memory.*’— A'dMcoftono/ 

“It is accurate and full without being orerloaded with detail, and Tarieties of 
type are used with mteh effect aa to minimise the work of the learner. Tasted in 
fs ep eot of any of the orudal points, it comes wall out of the ordaal.” - -Sihoolmaiter. 

Tbo Tntorlol Lotin Grammar, Isoroisos and Tost Questions on. By 

F. L. D. Richardson, B.A. Lond., and A. K. W. Hazel. 
LL.D.. M A.. B.C.L. Is. fid. 

“This will he found ?«ry useful by students preparing for Unieorsity eaamina- 
tK.oa.*' " lyfHminttfr kerifw, 

Tbo Fi^ptore* Latin Oonreo. [/»« 'Ar 

Latin Oomposition and Stntax. With oopious Exeecisrs. By A. H . 
ALLCEOrr, M A. Oxon., and J. H. Hatdon, M.A. Lond. and 
Camb. Fourth Edition. 2b. fid. 

“This ttiefttl little hook.'*— JcMmal of Mdurotion. 

“This is oat of the best manuals on the abort subject that we hare met with for 
•ume time. Simplicity of etatement and arrangement: apt examples illustratinf 
each rule; exceptions to those adroitly stated iust at the proper pi o o and tfioe, are 
among some of the etriking characteriilice of this exoeUent b^k. Every adrantaarc 
too has been taken of printing and t|^ to bring the leading statamenu prominently 
batore the eye and mind of the reader^— iScAooTaiaefer. 

**Tb« oUMwnass and oonoiee aeouraoy of this book throu^out are truly muarb- 
lAla.'* — AWam/iaa. 

Kifbtr Lhtin Composition. By A. H. ALLCEOfT, M.A. [/n prepnratton. 
Tbo Tntofinl Lattn Rtmdtr. With Yocabitlaet. 2a. <><1. 

“A ^^uadly praotkal work.'* -^Ouardimn. 

Hifbor LntlE londor. Edited by H. J. MAiDMKifT, M.A. Lond. nad 
Oxon., Mid T. R. Mills, M.A. 3b. fid. 

“A work which will bt found generally uiaful by ■fdankii The noSea mo 
O dluatle.** - Ifeifaiiafler ffsrnrM*. 

“Contalna some good pMsagoa, whteb hare bean aaleelad from a wider fiatd than 
IhsI psofiottaly axplorad by similar manuals.** —OsmAridigo f 




THii uyjvjiiisuy tutorial skhibh. 


1^0111811 an^ (Breeh Distoni. 

Tilt Tutorial Hiitorj of Bomo. (To 14 a.d.) By A. U. AixCBorr, 
M.A.Oxon.fOndW.F. Maoom.M.A L4>nd. witii Mopo. So. dd. 

** It ii watt and daarly -Saturday 

A liOagor Hiftorj of Bono. In Fire Volumtia. anch oortUtniuK a 
Qiapter on the Lite^ture of the Period : — 

I. Hiitory of Borne, M7-908 b.c. : The Stniggle for Bmptra. 

By W. F. Maooh. M a. Ix>nd. 3e. dd. 
n. Hiftory of Borne, 900-138 b.c.: Hotinf utfirr tho OUtfarcha. 
By A. H. Allcroft, M.A. Oxon , and W F. MaooM, 
M.A. Lond 3«. 6d. 

III. Riatory of Borne, 133-78 b.c.: The Decline of the Otigarchy 

By W. F. M.4WIM, M.A. Lond. 3e. 6d. 

‘*This volurai^ irita* a TigurvuH and oarafully ntudiad plclura of tb» mao and af 
tha time " Sp^rtator. 

IV. HUtory of Borne, 73-31 b.c. ; Thu flaking of the Monarchy 

By A H. ALLCRorr, M.A. Oxon 3e. dd 
“Wall and Hivurataly anriitan “ VorkBktr* i‘ntl 

V. Hiatory of Borne, 31 m c. to 93 a d Th* FWly Pririri|»at4i. 

Bv A. H ALLCHt)i<T, M.A. Oxon., and J il llAYimB, 
3f.A. Cninh. and l4«*nd Sf,..n(i Eiitfum 'ia. Od 
" Written in a 'laar and dirtk t It* authuri* nUuw a thornuith aojualhUtt^w 

arith thair authoritie*. and tuia« alai th« work* of modorti liituwlalii fa* 
<*ffcct.“--'./<iwr//fu’ «/ UtiurnttoH 

Hiatory of Borne, 390-903 b c. By VV K M A Ix^iul , and 

W. J. WuoiilJOt'Bli. M.A. Oxon 4 m. (Wl 
'* A aoed Mptfcunvn of a wall-told biatorinal narrativ* ' nv«r>ntM»r«r . 

A Hiatory of Oreoeo. In Six Vuliimea, taich centAirtuiK a CliapUjr on 
the Literature of the IVrirxJ : — 

I. Barly Orooion Hiatory. fTo49AB.c. ) By A il At.M*Hr»Kr, 

• M A. Oxon., and VV, F. Mahi»II, M.A U»nd 3a »id. 

“For tbuiw wbt> require a kiiowledfe of tha |ianod n'^ tK>ok onild ba 

raeoiniiiendtfd 

II. Hiatory of Orotce, 483 to 431 B.c. : 'llie Making tif Athena 

By A H. Allcroft, M.A. Oxon. 3a fki 

III. Hiatory of Broooe, 431-404 B.c. : IV iVlii|a>ttn«winn War 

By A. U. Allcropt, M a. Oxoti. da Od 

IV. Hiatoir of Orooet, 404-332 B.c. StJuHa and Thabea By 

A. H. ALLCBOPr, BI.A pxon. 3». fWl ^ 

V. Hiatory of Oratoo, 971-lii B.c.: 'The iMdine of Hailaa. 

By A, H. Af f/rRorr. .VI A. Oxon. 3# Od 

VI. Hiatory of 8icUy, 480-839 B.c. By A H. ALLcniiiT, M A. 

Oxon.« and VV. F. ILutOM, M.A. Lond. Sa. tki. 

•* Wa aae beer hii^ taeteeny to tta amrita“— 



• TBX UlfirEHSITY TUTOHIAL SERIES. 


ftcnch. 

Tb* Totori*! Yrtiieh iMidtiiM. Erkbst Wkrklbt» M.A. Load.. 
Profoiior of Krtroch, Univewity Colloj^e. Nottingham. With 
and a Chapter on Elementary Syntax. 3s. 6d. 

**Ttu> SMMutialN of the a«-eid(*nr« of the French Lamma^ are drilfuUy exhibited 
in carefully condenaNl (^noetic MeetionA.” -Edmatwnul 
** A flioet pmcticAl end ebie onmpiletion.** -/‘uhlir Opitnon. 

The Tatorial Frtash Syataa. By EuNMiT Wkeklcf. M.A. Lend., 
and A. J. WvArr. M.A. I.fond. A Oamb. With Exercises. 3s. 6d. 

Tt ie a defddfKlly Rood hook end idiould have e ree^ mle.** ^Guardian. 

** Mr. Wei^kley ha^ prodm^ed e «-Ieer. full, end 'areful aremmar in the * Tutorial 
French Aoddenc;*^,* end the ooinpMnion Tolunic of * Syntax,* by hlmeelf and Mr. 
Wyatt, li worthy of it." da^uniu^ Heriew. 

The Tutorial French Orammar. Containing the Aeeidmcs and the 
Syntax in Ono Volutna 4s. 6d. 

The Froooptors* French Course. By Erkkst Wkkklbt, M.A. 
Lond. 28 6d. 

Fronoh Frees Composition By Krni>:8t Wkkxlky, M.A 38. dd. 

'* The erreiigeinent ie lucid, the rulee oleerly expreeiied, the euggeetione really 
helpful, end the exernplce oerefully choaen." ~ kdmational 7>m««. 

The Frooaptors* French Eoador. By KuKnrr Wkkklkt, M.A. I4>nd. 
With Notes ttnd Vocabulary. Satond Edition. Is. Sd. 

**A very useful flret reedsr with rooabulery end eanaiblc nolae.*'»ArAoaf> 
Mssfer. 

Froaoh Froso Bonder, hkiited by 8. BaiUJrr, B. ha 8c., Examiner 
in Fronch to the Oollege of rreroptors, and W. F. Masom, M.A 
Lond. With VocahulAKT. Th%rd Edition. 28 6d 
** Admirebly thoeen extraota. They are eo selected es to be thoroughly iatereetliur 
and at the aune time thoroughly illurtretiTe of all that in best in French literature ** 

~ Muftrd Chrttniolt. 

Adwanood Froneh Bonder: Containing passages in proae and vsonN* 
repreawitatiTe of all the modem Authors. Edited by 8. BaBLMT, 
U. ha Sc., Examiner in French to the College of Pm*4»ptoni, and 
W. F. Masom, M.A. Lond. Sacond Edition. 3s. 6A 

**Cheeea from a lerM raage of good modem authors, the book prorides ivoaUeot 
practice in * XTnaecas ~ d^SoolMaefer. 

Hifhor froneh Bonder. EditM by Euf Ktir Wkkklry, M.A. 3i. dd. 

** The p me ges are well ehoeen, mlerectinjr in themselTee, and ropreaattatisu of 
the beet eoatMnpMary dtfUaia.** ’’dimmut nf Kdnemtnm. 

CnoUsb 1>i6torp. 

The Inloraodiato Test-Book of XngUsh Hlatorw: a Lemgor Hiatory 
of England. By C. 8. Prarsnsibx, M.A. Osoo., and A. 
AWirtOV Evaxs. M A. Can^b.. B.A. Lond. With Mapo A Flans. 
VoL. J.. to 1485 {In yrwparaHam.) Yoh. III., 1603 to 1714. 4a. 6d. 
Voi.. n., 1485 to 1603. 4a. 6d. VoL. lY., 1714 to 1837. 4a. 6it 
**TlMMeulli of exteaeiee reading eaam te hare bam phetepaphed aaen a m»i»ll 
ylate, as that aoUdiigof the cBiotof tkalvfmacaBiialeat**— ilacW? JgealA/j». 

^Iiieli?<i^; itieouMt; thaaliftoMTlaorim«aa4ha»plaB|yalMriaf j thaOtoU 
arenniaminia, Vat well balaaeed and aOmirmbly artaagaL^—J W ae aNe a. 



TBB UmVimiTY WTOSIAL SSSISS. 


£ndlidb Xanouage anb Xiterature. 

Tb# Xnglitb LangQM : Its Hiatory and Structure. By W. H. Low, 
M. A. Lend. With Test Quicstiohb. Fbttrih Sdition. 3«. M, 

Contents : — The Relation of BngUah to other tonguaffee-<~8urTey 
of the Chief Changee Uiat have taken place in the lauiguagt^ 
Sources of our Vocabulary— The Alphaliet and the Sounot cl 
English— Grimm*s Law— Oradation and Mutation— l^ns- 
raition, Assimilation, Addition and Disaptiearanre of Simnds in 
English— Introductory Remarks on Gniintnar— The Parts of 
Spe^, etc. — Syntax — Parsing and Analysis— Metre— 320 Test 
Questions. 

** A clear worlananlike history of the Sni^ish laamiase done on sound prinoiplea.** 
-^Saturday lUtituf. 

**Thc anthor dealA rory fully with the source sad ttrowUi of ihv Unsuaft. The 
parts of speech are dealt with histoHoallj as well a» frrsmtnstimUjr. The work Is 
scholarly and accurate.*' — ArAeo/Moefer. 

**Tbe history of the lantuatie and etymolosy are both well und fully 
Tracker^ Monthly, 


*^tly and clererly written.**— TVacAers’ Aid. 

**The arrangement of the book is derimMl in the nmnnor most suited to the 
student's oonvenience, and most oaloulated to bis memory." Lytomm, 

" It is in the best sense a seienttfle treatlae. There is not a Htit<^uous senleoee.** 
^•Mdurational Netct. 


here is not a Htit»eri!uous « 


Tbs Frsoeptors* Snglitb Branaar. With numnruus Rxcrt'iiww. By 
Arnold Wall. M.A. Lond. \ln irr*fmrnt%m. 

Tbs Xntarmsdiats Text-Book of Xaglisb litoratnro. liy W. 11 liOW, 

M.A. Lcmd., and A. J. Wtatt, M.A. Lond. and 

Part 1. (to 1660;, 3s. dd. ; Part 11. (1660.1K32., as. «d. 

[Parf II. la tho prm. 

Also: Volume IL. 1658 to l««0. By W H Low. ;,s dd. 

Tolumf. in., 1660 to 1798. By W. H Uiw. 3s fid. 

" ReaUy iudkioua in the selection of the details fteen " -^niurdap Moo4m, 

** Daaixii^^ t>n a thoroughly sound principle. Fsctit. dates, and rewesantatiTa 
4 |uotatiotta are plentifol. 1 he critical extracts art judiciously rhosen, ana Mr. I.ssw'a 


3wn writiiur is clear, affect^te lor its purpose, and eridenUy the result of theco^ 
Jmowlate and a very oonsidwable ability to choose between food and had. — 
OhMTOor. 

" It aBords another example of the author's oomwahensit* gram of to 
combined with a true teacher's power of usiim such Judidous co nd e nmt toi that tho 
more salient points are brot^t clearly into r&w.'»-7VoeAer/ ifoalA/r. 

"Mr. Low has suem«<U4in giti^ a tspr readable and Irwtd aeeoonlMf Iho 
ttteratuatof theUme."— il^ferwry ITerld. ^ ^ ^ ^ . 

"Mr. Low’s book forma a ssmceatile student's digeet of an ifaportaat period Is 

ow Utorature,"— jSRrAooliaoffer, 

"The ilyle U term and pointtM. The leprmlaclta juomti^ are u«d 
judklow^ chosen. The crHkIams are wiO groundeA clsarty cx pr e s sei and 
•Mdeatly p r e ten ta d.**— Jfeming M. 
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THE UNIVERSITY TUTORIAL SERIES. 


£n0li0b Cla00ic0. 

Addifon.—-SfMjf on Hilton, VotM «L Bf W.H.IiOW,H.A. 2t. 

Cknnoor.— Froloffui, Sninht*f Tnlo. With Intboduction and Notss 
bjr A. J. wVati', M.A. Lond. and Oamb., and a Oloaoaxj by 
8. J. Evaks, M.A. Lond. 2a. 6d. 

*' The notet are of real mlue.**— BeeAMr. 

*' Quite up to date. The Olotaarj ie e«oaUettt.**-»Jf b rt i wi p Pc»t. 

Ohanoor.— Man of Lawaa Tala, with the Pboloouis to the Oaiitib- 
KUBY Talks. Edited by A. J. Wtatt, M.A. Loud, and Oamb.» 
with a Olossauy by J. MALIKS, M.A. Lond. 2s. 6d. 

Dry dan.— Essay on Dramatis Poasy.— SdHad by W. H. Low, M.A. 
Lond. Text and Noyes. Ss. 6d. 

Ooldsnith. Poams. Edited by AtTSTlK Dobooh. 2s. 6d. net. 

Lanfland. - Piars Plowman. Prologue and Passas I. •VII., Text B. 
EditfHl by J. F. Davih, D.Lit., M.A. Lond., Assistant Examiner 
Ht the IJnivAmity of Iiondon. 4s. 6d. 

MUton Paradise Eagainad. Edited by A. J. Wyatt, M.A. 2s. 6d. 

‘*The uotM are conoim aiid to tho point.**— CssiSrid^* Beriew. 

Milton.— Samson Agonistoa. Edited by A. J. Wtatt, M.A. 2s. 6d. 

** A capital Introduotaon. The notes are ssoeUcnl**— Tlsita. 

Milton.— Sonnata. Edited by W. F. Masom, M.A. Lond. Is. 6d 


Shakaapaara. With litTRODUcnoif and Notes, by Prof. W. J. 
Holkk, D.Litt., in 40 volumaa. 2f. aaoh. 

A dascriptire catalogue, containing Prof. Bolfe*s Hints lo Teachers, 
and Students of Shakeapaara, can bo obtainod on applicatioii. 


■srshent of TsMee 
Tiwpetl 

Kifhrs 


As Tstt Like It 
Hush Ado About VsChtaf 
TwulllhKlfhl 
Os u dy of Irrsrs 
Ksiry wtuse of Windsar 
Lovo^ Labour's Lost 
TwoOoBttowM of Torouo 
the famiag oftholhiuw 
AiroWottlSiol 


Wlator*! Tiilo 
XiMT Joha 
uSudlL 
Henry rr. VsstL 
Henry XT. PartXL 
BoMgV. 

Henry Th Part A. 
BenryPL PmIXL 
Konry TL Fast UL 
mUMUL 
Henry TZZL 


Hssyo 

TiAod 


AXndsWoll Hobboth 


f. 


Hinnleor 
OywDolmo 
Julius Oaooi- 
Oorlolaaue 

Antony and ftleenolra 
Timnof Athono 
TrsilueandClrooaUa 
Forkloa 

Tho Two Kobis Wiisun 
Titus AndionleM 
Vonus nad Aisale 


odltton iaroeonunondod by l*rofoioor Doardoa, Dr. Abbott^ nad Dr. Vamiran. 


thahaepaafa.-Miniy vni. Bdited by W. H. Low, M.A. Land. 2a. 

Spaasit.— laaria Unsana, Hash L Mdilad with iKTHODiKmoK. 
NOTIS, and Qlossaet, by W. H. HXLL, M.A. Load. 2a. 6d. 



TSM tnrivjsMsirr tutorial sseirs. 


n 


flDental an^ fl>oral Science. 

ItbiM, HmmmX vL By J. S. Mackknxik, M A.. Vn4mm>t A 

ftnd Philo 80 ]>hy in the Univoreit}* of South Walof aial 

Ifonmouthshire, formerly Fellow of Trinity Collt^\ CMubridKo. 
EzAimner in the Universitiee of Ciunbfiti^ Jind Abenieon 
Third JSditumt rtvisni, and parity rtnrrit(m dd 

** In Wfitifif tbit botdi Mr. Meokriuiie be* ptoduotHl m xirneit Mid «tnkin|| 
tnbntion to too etbioel Utereturu of the time. ’ Jffoii. 

"Thie exoeUeat mamtMi.*'’-JatrmatuMuti Jattm-it >*/ 

** Mr. Maokensie may be ootufratulaied oo harimi prnwnted e tboronirbiy iomwI 
and belpfol guide to tbieattimetire, yet eludre and diib<*ult, nubj*^'t ' HehtmtmaHrr, 

" It is a most admirable student** manual.'*— 7>«icAer‘. Utmthi^ 

** Mr. Maokenaie's book is as nearly perfect as it could be. ft oorer* tb<* irbole 
field, snd lor permicuity and tborougbness leave, iiotbuuc to 1>» dnured. The pupt) 
who masters it wifi find himself equipped with a ’wumd of the nubjetrl such <»(* 
no one book with which we an. acquainted has hithi rto b«wr. equal b> nuoplyina 
Not the least recommendation is the really inter*MUnir style of the work.** -/.iferory 
World. 

** Written with luoidity and an obrious mastery of the whole bearing of the subjeii ‘ 
-‘Standard. 

** No one oaa doubt either the author's talent or his information. The i^undl <»f 
ethical aoienoe is oovered by hts trsatment ('omplot*'!) , >ienNibl), and in man) 
respects brUlianUy.** --- Non r A ssfer Guard$an, 

** For a practical aid to the student it is very admirably adapted. It is able, clear, 
and acute. The arrangement of the book is emtwllimt .Vev'rorrfr /loiip f'AriiNo fr 

Logic. A Mtumol of. By J. Wklton, M.A. Load, and iktnib. 2 vfiU 
Vol. I., Saeond Sditton, Ss. fid. ; Vol. 11., fis fid. 

Thif book embrooes all thomi pt»rtions of tho subusd which arc 
usually read, and render* unneceasary the pun haio' r*f the nuti»i*rroui 
books bithe^ nied. The relatiwe im|>ortance of the aections ia 
denoted by wnriety ot type, and a minimum (viurst* of readtnK is thus 
indiooted. 

Vd. €. contains the whole of Deductiro le>iri', osrept FalUi uv. 
which are treated, with IndnctiTe FaUacies, in V\>1 1 1 

*' ▲ denr and eumpendious sununary of the view* of varu^ie thinkers on tiapfWIant 
and doubtful poittts .^* — Jownai uf Haucaitan. 

*♦ A very good book . . not likely to be eupersedid f<»f * baig ttmr Ir* owns ** 
JSdneaikmal JKevseir . 

“Unusually oom|detr and reliable The snrsngsiaeot of dividtons and subdivi*i/»r«% 
is emwltent.’*- OrAoo/iaoWrr. 

MTfcm — nifty hr T****y ■tr^rirp**"*^***** ’**~-*^»*^^ fimr* 

“ Vndetihlsdly eMtUMri.'*— Neiwd TWwAeN 

fojehology, A of. By G. F. Brorr, M.A.. F^^iiow of Kt. 

Joh?s College, Cambridge, Lecturer on Cotnpanifive rsychology 
in the tJniwersity of Abmiwn. Two Vols.. 4s. fid. «eo h. 

thi pim. 
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THE UmVEESITT TUTOMAl SEMES. 


nDatbematic0 anb HDecbantcs. 

Books marked (}) are in the Organised Seieuee Series,. 

Algebra, A Middle. By William Bbigos, M.A., LL.B., 
F.R.A.8., HTid G. H. Bryan, Sc.D., M.A., F.B.S. Based on the 
Algehra of Hadhakrishnan. 3g. 6d. 

Algebra, The Tutorial. By the same iiuthorB. 

Parti. Klkm ENTARY CoimSE. llti preparation. 

Part II. A DV\NCEI) Course. 68. 6d. [In the press. 

Astronomy, Slementary Mathematieal. C. W. 0. Barlow, M.A., 
Lund, and Catub., B.Sc. Loud., and Q. H. Bryav, Sc.D., M.A., 
F.K.8., Follow of 81. Peter's CoUege, Cambridge. Seaimd SdUio% 
with AKSWERS. 68. 6d. 

** nobably within ihe Umitd of the rolmiM no better deecription of the metbode by 
which tho marvelluui* wtrurixm of Mcientiflr antronomy hu bm built up could hero 
been airen.” - 

“ Bture to find favour with ntudente of aiitronoiny.**>*A 
Coordinate Geometry: 'llie High! Line and Circle. By William 
Briomh, M.A., LL.B., F.R.A.S.. and G. H. Bryam, ac.D., M.A., 
F.E.8. Third Ediiion. 38. 6d. 

** It i« thoroughly aound throufbout, nnd indeed deala with eome difficult points 
with a oleanii'NK and Hci'uracy that ha a nut, we believe, been surpamed.**- •/’darartew. 

^'llkorouably practioal and helpful.'*'— ArAoo/maefer. 

*' The airangeroent of matter and the copious explanations it would be hard Is 
<sun«aM. It is the best book we have seen on the subject.”— Rrnird Tracker. 

Coordinate Geometry, Worked Xsamplee in : A Graduatf)d Conroe on 
tho ^ght Line and Circle. Second Editson. 2s. fid. 

Bynamies, Text-Book of. By William Brioob, M.A., F.C.8., 
F.H.A.K.. ami G. H. Bryak, Sc.D., M.A., F.R.8. 2e. fid. 

” The treatment ts • onspicuous for tte deameae and condstnesa.**— iToltirr. 
Inelid.- Bookf I -IV By Kupkrt Di tim. M.A. Lond. and Oxon., 
Headmaster of Stourbridge Gntiniiuir .Sihool. 2s fide Alio 
Hopamttdy: BiMiks 1., II., Is. 

”Tb« book if rh^rly printed, WkS demorinntttouA are well amin|ted, and the 
diaarama, by the judidout use of thin and thuk hnea, areiunderedaioremtcllifibls.'* 

' -daterdof Hrriew. 

** An admirable school Bditkm.** Wea k er. 

Geometry of Bimilar FlgiutM and the Plane. (Euclid VI. and XI.) 
With numerous Deductioiis worked and unworked. Bv C. W. C. 
Barlow, M.A., BBc., andG U. Bmtav, Hc.D., F.K.s* .*». 6d. 

SyAeitatiee, Aa JtttmMtaip^TesvBook el By William Briooo, 
M.A., F.C.8., P.R.A.8., und O. H. Bktaji, Sc.D., F.B.S. 
Seeond Edition. 2i. 

** The work is thnroua^ tend. The hand at the f teet i ee l tea eh i r it wisii i i s m 
thmigiMmL**-JMiwiiiK ‘ 



THB UmrisUSlTT TVTOmAL SB&ISS. 
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Aatbematfcs d&ecbaiUcs —continmd. 

:Xath«matiM, Second Stage. Edited by William Bbiggs, >r.A.» 
LL.B., P.C.S., F.R.A.S. Ss, 6d. 

tMeohanioi, AdTanoed. With the Questione of the laet eleven yeare 
got at the advanced examination of the Science and Art 
Depiirtinent. By Wm. Beigos, M.A., LL.B., F.R.A.S., and 
G. H. Bryan, J&.D., F.R.S. 

Vol. 1. Dynamics. 3s. 6d. 

Vol. II. Statics. 3a. 6d. 

YoU. 1. and II. deal respectiTely vitb those portions o/ Dynamic* and 
vhiob are required for the Sdenoe and Art Second ( Ad Sban* Esaminauof) 
in Theoretical Mochanios. 

Keehaniee, An Elementary Test-Book of. By the aaine authot'a 
S^Qnd Edition. 38. 6d. 

“ A most useful and helpful manual.**— JMweo/ieaof 

IXeohanioa (of Solids), Tirat Stage. By F. RoHKNBsaG, M.A., B.S*: 
Second lUiiioH. *ia. 

** The work of a pracUoal kmaber.^-^Sdnmattmai Acnaii?. 

Xeohanlea, The Preceptors*. By F. Kossnbkuq, X. A., B.Sc. *ie. Sd. 

XXechanica of Plaids, first Stags. By Q. II Hrtait. 8c.1>.. F.R.S., 
and F. Rosenberg, M.A., B.Sc. 2a. 

Mechanics and Hydroslattet, Worhed Examples in: A Orediieted 

Course on the London Matriculation Syllabus. 7%$rd Edthon, 
JSepited and Enlarged, la. 6d. 

Mensnratioa of the Simpler Pigttxos. By William Briggs, M.a., 
F.C.S.. FU AS, and T. W. Edmonimb>n. M A. Oamb., B.A 
Lond Second h'dthon. 2t. 6d. 

Mensuration and Spherical Oeomotry; Being Monauration *d the 
Simmer Figurea and the Geometrical Fn^jrtiea of the Sphere. 
Speoplly intended for London Inter. Art# and S<'ien(^. Br 
the same author*. Smond Edtiiem. 3a. 6d. 

**Tht book cotncA from the band* of esporU, we can think of nottuae betur 
qualified to enable the etudont to maeter thie branch of ibe ivjrllabua, end te 
promota a ee r re ct in hi* mathematical manipuUti<iii« ** Stkmtfmaeter. 

SUtics, The Tutorial, fly Wiluam Briggs, M.A., LL.B., K H A H., 
and G H Hutan. . M.A., F.E.S. 3a 6d. 

Trigonometry, Tho Tutorial. By William BRiaos. M.A., LL H., 
F H.A.S . and (1. H. BktaN, Sc.P.. M.A , F H H 3a M ^ 
**An etamanlly aattefaotery lext-hook. wtiilh wttirbt w«dl b* ^ulMOtluted aa an 
atamantary ooorae f«*r Ukoee at prenenl in u«» ** -O'marautn. 

**Oood aa tha work* of theae author* umally ace. we think ihi* one of Uu tf Uot *' 
— /Wum/MM. 

frigonomotry, Synopoio of Blomontary. By William Briggs, Si A.» 
LL.B., F.K.A.S. Uterkmced. la. 6d 
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TSS VmrXSSITT tutorial aXMISB. 


Cbemidtin?. 

B0ok$ mmrM (%) ttrt in tkt Org^tnitsd Seuntt 5frt«t. 

iAaijtit of a Simpli Salt With a Selection ol Modal Analvieii 
and Tables of Akaltsib (on linen). By the aama Antaoea. 
Fourth /Sit/ton. 2a. 6d. TabLU OF All ALTSIB (separatelv). 6d. 
**Tb« ««l«ctlon of model analyoM It aa «BOolmt TImtt, 

Ohemii^, The Tutorial. By Q. H. Bailxt, D.Sc. Lond., Ph.D. 
HeidelWg:, Lecturer in Chemiatry at Victoria Unireraity . Edited 
by WlLUAii Bkigos, M.A., F.C.S. 

Pabt I.. Nok-Metals. 3a. 6d. 

Pabt XL, Metals. 3a. Gd. 

** oMk nnboaitatinfly raoommond it for tho hlfhor forma of Soooadeiy tod 
other aohoola/’—J^duroGon. 

** A good tosi-book. The treatment ia thorough and clear, and the expeiinienai 
are goM and well arranged.**-- School Ouardiam. 

tChamiatry, Tirat Staga Inorganie. By Q. H. Baulet, D.Sc. 2a. 

**A Taluable and c-omprebemdre book for 3rottng etndenta.*'— Arrondorir 
Education, 

t Chemiatry, First Stage Fraetieal laorgania. By F. Bbdoow, 
D.Sc.. Ph.D. Is. 
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F.C.P. Knlnrgcdi and Kevisod by A. M. Davies, B.Sc. Lond. 6a.6d 
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